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In the last #106 meeting, the following email discussion was allocated:
[106#53][IIOT]  Handling of overlapping PUSCH grant prioritization (Docomo)
	                      Intended outcome: Report, scope according to R2-1908444
	                      Deadline:  Thursday 2019-08-08
The contents of the email discussion are based on the aspects listed by rapporteur in R2-1908444 as following: 
1.	Handling of overlapping PUSCH grant prioritization:
a.	Desired UE behaviour for prioritization 
b.	Impacts on LCP and LCH restrictions
c.	Conditions under which MAC will generate PDU / forward the PDU to PHY etc.
d.	Potential interactions between PHY and MAC (e.g. information to be provided to/from PHY, interactions between PUSCH prioritization and PUSCH vs UCI prioritization (based on current RAN1 status on PUSCH vs UCI prioritization))
Companies are encouraged to provide their views on the questions.
2.	Discussion
2.1 UE behaviour for prioritization
As discussed in contributions [1] [8] [9] [10] [11] [12] [13], generally the solutions for intra-UE prioritization could be classified into three main options i.e. MAC prioritization, PHY prioritization and a compromised solution. For MAC prioritization, the selection is based on the priority of LCHs. Once a grant is selected, the MAC conducts LCP to generate MAC PDU for the selected grant, and delivers it to PHY for uplink transmission. Since MAC PDU generation can be done only after the selection, it takes time and may impact the processing time in PHY [2], it may further impact UCI multiplexing with the selected grant. [8] proposed MAC prioritization on sequential grant selection i.e. the MAC should begin by processing the grant with the earliest PUSCH starting time (perform LCP to generate PDU), then MAC sequentially (base on the order of PUSCH starting time) inspects the other colliding grants in a one-by-one manner. For PHY prioritization, the MAC generates a PDU for each grant and PHY chooses one MAC PDU for transmission. Mechanism for PHY layer to know the priority has been discussed, such as a priority indicator can be included in the DCI. However, there exists concern that some extra efforts may be imposed to RAN1 from the DCI size perspective. In addition, some compromised solutions have been proposed. [1], [11] and [12] proposed that MAC can provide assistance information to PHY for prioritization. Based on above, following questions and possible options proposed by companies are listed.
· Question 1a: 	For conflicting between CG and DG, which layer, MAC or PHY should take a role of prioritizing the grant? How it works? 
· Option1: 	MAC does the prioritization and only generates/delivers one MAC PDU of higher priority to PHY according to the LCH priority and LCP restrictions. 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option2: 	MAC does the prioritization based on sequential grant selection
· Option3: 	MAC generates PDU for each grant i.e. MAC always generates /delivers the MAC PDU for each grant and PHY makes the prioritization based on priority indicator in DCI.
· Option4:	 MAC generates a MAC PDU for each grant and provides assistance information to PHY and PHY makes the prioritization based on the assistance information. 
· Option5: 	other (please elaborate in comments)

	Company
	Preferred Options
	Comments

	LG
	Option 4
	In the last meeting, RAN2 agreed that the UE should store the de-prioritized MAC PDU in the HARQ buffer to allow gNB to schedule retransmissions and this rule is applicable at least for the cases when MAC has already generated the de-prioritized MAC PDU. The next step is to find the general rule for PUSCH grant prioritization with this agreement as a baseline.
Considering that scheduling of retransmissions for the deprioritized grant is completely up to gNB decision, it would be beneficial for the UE to generate a MAC PDU for the deprioritized grant and store it in the HARQ buffer even for the case when MAC has not yet generated a MAC PDU for the deprioritized grant and has enough time to perform grant selection. In this regard, Options 3 and 4 are preferred.
On the other hand, RAN2 also discussed the DCI indication and concluded to leave any decisions on whether to have the DCI indication to RAN1. Thus, at this moment, Option 3 seems a bit controversial and the easier way is that the MAC provides PHY with assistance information to help the prioritization in PHY as in Option 4.

	Qualcomm
	Option 3 
	Option 3 should additionally consider data availability (e.g., high priority CG PUSCH is deprioritized if there is no data to send) and use priority indication for CG received from upper layers. For the rest of this answer, we refer to Option 3 with these additional aspects as ALT-GRANT (as it uses grant characteristics).
Use-case for Rel-15 enhancement: It is important to note here that the only use case for defining new Rel-16 behaviour for DG vs CG collision is when UE is configured with CG for high priority URLLC traffic which is aperiodic/infrequent (we explain this in R2-1907921 arguing that Rel-15 behaviour is enough for other use-cases). In such cases, CG should be prioritized when there is URLLC data (ie, we need a Rel-15 enhancement) and any overlapping DG should be prioritized otherwise.
Benefits of ALT-GRANT: We contrast ALT-GRANT against option ALT-LCH using LCH priorities:
· ALT-GRANT is simpler rule and has similar outcomes as ALT-LCH most of the time since properly chosen LCP restrictions should ensure that 
· “low priority grants” (e.g., with high MCS and/or long PUSCH) are not used to send high priority LCHs as it can cause failure to meet delay/reliability requirements of high priority data,
· “high priority grants” (e.g., with low MCS and/or short PUSCH duration) are not typically used when high priority data is unavailable, as it is resource inefficient to use such grants for low priority data.
· PUSCH vs UCI prioritization will be based on grant characteristics: ALT-GRANT is more aligned with how UCI vs PUSCH prioritization should be done, since UCI prioritization/multiplexing decisions are best made based on grant characteristics and not PDU content characteristics (e.g., UCI for high priority downlink traffic generally should not be multiplexed using grant for low priority traffic). This alignment (ie, using same metric) helps to avoid mismatch scenarios where grant prioritization and grant-UCI prioritization outcomes do not match and for e.g.  cause loss of UCI for high priority DL data (because MAC deprioritizes PUSCH carrying UCI) as illustrated in figure below:
[image: ]
· Dynamic grant priority indication is needed anyway
· We believe that RAN1 will use priority indication for grants to carry out PUSCH vs UCI prioritization (primarily because UCI multiplexing decision has to be based on grant characteristics and should not depend on LCHs sent using grant; this is explained in Section 4 of R2-1908126), and hence ALT-GRANT does not demand any indications which are used only for grant prioritization. 
· Priority indication also simplifies gNB reception. Without such an priority indication and if priority is determined by MAC at UE, gNB will not know what the PUSCH priority is before decoding it and thus does not know where the control is (see figure below). From the gNB’s perspective, there are 2N (N is the number of CCs) possible channel prioritizations, with various possible dropping/multiplexing outcomes unknown at the gNB.
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We welcome companies to share any advantages of ALT-LCH over ALT-GRANT.
For most collision scenarios, a PDU should typically be generated for a grant due to the following:
· If overlap of two PUSCHs is small, UE may be able to transmit parts of one PUSCH and then use CBG retransmissions to efficiently recover lost CBGs of lower priority PUSCH (see fig (a) below). 
· Suppose MAC decides not to send PDU2 after determining that its priority is lower than that for PDU1. When PHY deprioritizes grant for PDU1 due to its prioritization rules (e.g., due to higher priority UCI), PDU2 could have been transmitted (see fig (b) below).
[image: ]

	Nokia
	Option 2
	Compared to parallel grant selection (Option 1) and PHY prioritization in general (Option 3 and 4), sequential grant selection can handle URLLC traffics that arrive instantly while ensuring sufficient processing time, as well as avoiding unnecessary MAC PDU generation that may potentially result in HARQ buffer congestions. Also, traffic for URLLC service may arrive shortly before the CG occasion, so if the check is done earlier, then wrong decision to e.g. prioritize earlier DG can be made. 
However, we think the MAC PDU for DG should always be generated even if it is de-prioritized, so the gNB can send re-transmission grant for it properly. For CG, the MAC PDU should be generated if and only if it is prioritized.
Always generating the MAC PDU for CG is problematic, since the data may be stuck in the HARQ buffer as the gNB is not aware it should schedule a retransmission. It would then be better not to create the PDU in this case and give the UE opportunity to send related SR/BSR, or instead generate the PDU upon the subsequent CG occasion for transmission to maximize the chances of the PDU being delivered within its delay budget.

	CATT
	Option 5
	MAC handles prioritization and delivers one or two PDUs to PHY, depending on whether the prioritization happened before or after a first PDU was already assembled/delivered.
In case of two PDUs, PHY considers the last delivered PDU takes priority.
We add this as a new option because it captures in a more generic way the intention of Option 2 without necessarily imposing the sequential grant selection described in [8].
We also don’t support that MAC always delivers all PDUs to PHY along with their priorities and PHY performs prioritization (Options 3-4), because:
· Dropped PDUs (at least for dynamic grants) can only be recovered by HARQ retransmissions (same HARQ process), although no initial transmission occurred, thus imposing unnecessarily additional latency due to HARQ RTT.
· The initial transmission didn’t happen which requires a special treatment of the “re-transmission” at the receiver (no combining should be done), thus increasing gNB complexity.
· It consumes unnecessary PDCCH load
· Any MAC CEs included in the dropped PDU may become outdated
· Data scheduling and prioritization has always been a MAC function, leveraging LCP and LCH configurations with high granularity of priorities etc, not PHY
Furthermore, the DCI-based prioritization in PHY provides very rough granularity, namely 2 levels (eMBB/URLLC) resulting in equal priority 50% of the time, while MAC has visibility on 16-level LCH priority which is better suited to differentiate between multiple URLLC TSN traffic flows (as a recall IEEE802.1Q requires serving at least 8 priorities). 

	Ericsson
	Option1 and option 2
	We think a combination of Option 1 and Option 2 is needed. 
· When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY (hence avoiding handling of de-prioritized PDUs). This is essentially like option 1. 
· If selection between grants is not possible due to processing time limitation, MAC must start to process the MAC PDU of the earlier grant, and later apply the LCP for the second grant and may deliver the PDU of the later grant for PHY-preemption (e.g., due to arrival of DCI for high-priority dynamic grant or due to late arrival of high priority LCH on configured grant). This is essentially like option 2.
For clarification: When PHY knows it must stop processing/transmission of the earlier grant and start that of the new one, we call this PHY pre-emption.
Option 2 cannot select the grant when there is sufficient processing time for that, and it results in unnecessarily PHY pre-emption and handling of the de-prioritized PDU.  
The purpose of grant prioritization is to transmit high-priority data instead of low-priority data. Since data multiplexing and LCH prioritization are all functionalities residing in MAC layer, we think these should remain in MAC layer (unless there is a very strong reason not doing so) and thus option 3 and option 4 are not our preferred approach. 

	MediaTek
	Options 1 and 2
	Issues with generating a PDU for each conflicting grant:
MAC should only be generating one PDU for a PUSCH transmission occasion. Given that both the NW and the UE are aware of overlapping transmission occasions and know which grant is prioritised, there is no need for MAC to additionally process the conflicting grant unnecessarily. Requiring MAC to generate a PDU for each overlapping grant, results in requiring the UE to process up to 12 TBs for a PUSCH transmission occasion, as RAN1 have agreed to support up to 12 CGs in a BWP. 
Furthermore, if MAC generates a PDU for a grant that will not be transmitted, UL data ends up in a HARQ buffer waiting for a retransmission grant from the NW, as there is no means to rollback data today. On the other hand, if the PDU was not generated, the data remains pending in the UE’s buffers, available for transmission at the next UL opportunity (be it a CG or a DG, irrespective of the associated HARQ process)
For the above reasons, MAC should only generate a PDU if its transmission is intended, and therefore options 3 and 4 must be ruled out.
On a priority indication:
We have sympathy with Qualcomm’s view that grant characteristics (i.e. the priority of data that it can transmit) coupled with data availability should be used for prioritisation. However, as pointed out in their response, in case of a proper configuration, a ‘low priority grant’ is associated with LCP restrictions that ensure that only low priority data is transmitted on it, while a ‘high priority grant’ would correspond to LCP restrictions that only allow high priority data to be transmitted. 
It is therefore clear that using a priority indication for prioritisation is equivalent in functionality to using LCP restrictions. However a priority indication needs to be provided with each DCI, while the LCP restrictions are only signalled once at RRC.
On Options 1 and 2:
We see options 1 and 2 as equivalent solutions, as prioritisation is done based on the priority of data that the grant can carry. Option 1 considers the case where two grants have the same start time. Option 2 considers the case where two grants have different start times, and suggests that the earlier grant is prioritised.
As pointed out in [8], parallel grant processing involving performing LCP for all grants could result in undesirable delays, and suggests sequential grant processing as an alternative. However, such a solution does not consider the case addressed in Option 1, i.e. when multiple grants have the same starting time. 
To avoid these delays, it may be sufficient to only consider the highest priority LCH with data available, along with the LCP restrictions of the overlapping grants (i.e. if the grant can carry the LCH). Other factors of LCP such as considering all LCHs with data, along with their bucket values need not be taken into account.

	vivo
	Option 4
	Option1&2 do not consider the priorities of ACK/NACK;
Option3 does not consider the LCH actually transmitted in a PUSCH. 
The priority of ACK/NACK (relate to the priority of DL MAC PDU) and MAC PDU in PUSCH need to be considered for grant selection.

	DOCOMO
	Option 3 or option 4
	We agree that option 1 can work for the case when the prioritization can be done before the first PDU was delivered; However, for the case that PHY layer received two PDUs from MAC layer, it is not always true that the last delivered PDU has higher priority. 
As shown in the figure below, UL grant #1 is to schedule eMBB PUSCH, UL grant #2is used to activate the Type 2 configured grant PUSCH targeting URLLC traffic; it is reasonable to assume that for eMBB PUSCH preparation, basic UE processing is used; while for URLLC PUSCH preparation, faster processing time is used, then it is highly possible that the last delivered PDU is for eMBB traffic. In addition, there may exist the case that the two PUSCHs are delivered at the same timing to PHY layer. As long as there is the case that MAC layer cannot make the prioritization on time, solutions are needed to let PHY known that it must stop processing/transmission of the earlier grant and start that of the new one. Therefore, option 3 or option 4 is preferred; for option 3, the priority can be indicated in a DCI; for configured grant PUSCH, the priority should be configured by RRC. 
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In addition, we would like to clarify that the MAC generates PDU for each grant only if there is real data associated with each grant in UE’s buffer. Otherwise, no need to generate the PDU if UE allows to skip the transmission. 

	InterDigital
	Option 1
	Generating a PDU for each grant, even when there is sufficient time to process prioritization between the overlapping grants, may result in additional unnecessary processing and preemption in the physical layer, retransmissions, or potentially data loss. Given MAC is aware of data priorities that map to each grant, the UE should only generate a single PDU for the prioritized grant when there is enough time to process prioritization. 
We don’t see the need for specifying sequential processing of grants, given:
· When there is enough processing time, sequential processing can result in unnecessary preemption in the physical layer, as pointed by Ericsson.
· The grant with the earliest PUSCH start may not always be the one that carries the highest priority traffic, and thus should not be always prioritized for processing/ PDU generation as suggested by option 2.

	ITRI
	Option 3 and 4
	Due to the limitation of UE processing, we prefer that PHY makes the prioritization. Option 4 is reasonable since the priority information of UL grants/MAC PDUs are conducted in MAC. Although Option 3 is controversial, it really eliminates the mismatch on timing and grant characteristics. 

	Huawei, HiSilicon
	Option 2 or Option 4 (only if retransmission issue can be addressed)
	We also feel that option 4 is simpler compared to option 1 and 2, but at the same time we also concur the issue for option 4 as observed by others that the network has problem to schedule retransmission for the deprioritized configured grant given that the network is not aware of whether there is a new transmission for the grant. Therefore, we can accept option 4 only if the retransmission scheduling issue can be addressed.

	ZTE
	Option 2 and Option 4
	First, we think the LCP procedure shall only be made when the transmission occasion is approaching(e.g. only before the processing time required). With this assumption, we think the option 2 is feasible. With option 2, if both the CG and DG with overlapping in time domain are received before the timing for LCP procedure, the UE can select one grant with high priority and discard the grant with lower priority, where the priority of one grant can be determined by the LCH with data available which can be transmitted through the grant.  
However, the option 2 seems only applicable for the limited case. If the LCP processing has been made for CG, before the reception of the DG,  (or the LCP processing has been made for DG before the URLLC data available is detected for CG), and the later grant has higher priority, then the option 2 can not be used and the option 4 shall be used instead (i.e. The LCP procedure for the grant with higher priority shall be processed as well, and  it is up to PHY to handle the MAC PDUs generated for the two grants). To assistant the priority handling in PHY, we think the priority of MAC PDU shall be included as part of HARQ profile for the transmission of each MAC PDU, and the priority can be determined by the priority of data included in the MAC PDU. With the priority information in HARQ profile, the PHY can prioritize the transmission of MAC PDU with higher priority, which can be used in both initial transmission and HARQ retransmission.
In addition, even we think the option 2 is applicable, since the minimal requirement processing time for grant is based on UE’s implementation (i.e. the timing for LCP processing will not be specified in specs), the solution 2 can not be tested. Therefore, we can simply have a NOTE to enable the option2, instead of having a clear text to specify the detail behaviour on UE side.

	Lenovo
	Option 3, but…
	Even though we see some benefits in terms of UE timeline /processing when prioritization is done in PHY, we don’t think that UE should generate always a PDU for each grant. It was argued in [2] that the advantage of performing the prioritization in PHY based on a DCI indication is that PHY is e.g. immediately able to interrupt UCI multiplexing preparation for CG on detecting a high priority dynamic grant and this reduces timeline impacts substantially. Essentially since PHY can based on DCI priority indication and data availability info from MAC decide which grant to prioritize UE should then preferably also only generate the PDU for the prioritized grant and shouldn’t be obliged to generate a PDU for each grant. 
It should be noted that also in Rel-15 NR when PUSCH duration of CG and DG overlap only one PDU is generated.  
Requiring MAC to generate a PDU for each overlapping grant, results in requiring the UE to generate multiple TBs in parallel within the short processing time. Furthermore, if MAC generates a PDU for a grant that will not be transmitted, UL data ends up in a HARQ buffer waiting for a retransmission grant from the NW as pointed out already by others. 

	SONY
	Option4
	There are two cases:
CASE1: Data for both grants (DG and CG) are available prior to constructing the MAC TB of the earliest PUSCH.
CASE2: First MAC TB has already been constructed and passed to Phy and another higher priority MAC TB should be transmitted.


	III
	Option 5
	We have similar view with CATT.
Before a MAC PDU is multiplexed for the selected grant, MAC should only generate one MAC PDU for the UL grants overlapping on time. 
After a MAC PDU is delivered to PHY, and URLLC data (e.g. CG) with higher priority is coming, the other MAC PDU can be delivered to PHY.  
When receiving more than one MAC PDU, PHY should transmit the MAC PDU with high priority. 

	Apple
	Solution 2 and Solution 4
	MAC should avoid to generate the deprioritized MAC PDU as much as possible, since deprioritized MAC PDU is only can be delivered via HARQ retransmission scheme in this way and it will lead to transmission delay. 
If MAC has sufficient time to prioritize the UL grant and to generate the MAC PDU, solution 2 is feasible. Otherwise, in case of the resource collision, if URLLC data arrival after the eMBB MAC PDU is delivered to PHY, then we has to ask PHY to prioritize the URLLC transmission and drop the eMBB transmission.   

	OPPO
	Option5
	Similar as CATT. We propose that MAC build one or two MAC PDUs considering the number of MAC PDU assembled and the priority of the grant/the associated MAC PDU. In details:
· If another grant that overlaps the previous one receives before MAC PDU assembly, MAC has enough time prior to MAC PDU assembly to decide what data to prioritize and which grant to prioritize. Thus one MAC PDU is assembled and delivered to PHY.
· If another grant that overlaps the previous one receives after MAC PDU assembly, and the assembled MAC PDU is with a higher priority, there is no need to generate another MAC PDU. 
· If another grant that overlaps the previous one receives after MAC PDU assembly, and the assembled MAC PDU is with a lower priority, MAC needs to generate another MAC PDU to protect the performance of URLLC traffic.

We think Option3 and Option4 with the following disadvantage:
· Although deprioritized MAC PDU is agreed in the last meeting, it depends on the network implementation whether to re-transmission it. If the network dose not scheduling re-transmission, the stored MAC PDU will be flushed, and the data will loses.
· The MAC CE or MAC SDU(e.g. PDCP control PDU) in the deprioritized MAC PDU may be outdated.
· If there is a chance to not assemble a MAC PDU which is already determined as a deprioritized MAC PDU, the data can be delivered to the network more timely, without waiting for the unnecessary latency due to HARQ RTT.


	Samsung
	Option 1, Option 2
	A MAC PDU which will not be transmitted does not need to be generated. We do not need to have unnecessary MAC layer processing. Thus, option 1 should be prioritized UE behaviour. 
If two MAC PDUs are sequentially generated, the later generated MAC PDU should be high-priority. Otherwise, earlier generated MAC PDU should be high-priority. We understand this is Option 2.

	Intel
	Option 1
	We prefer MAC based prioritization as high priority data can be prioritized. This is inline with the conclusion from the SI.
For the sequential processing (Option 2), our thinking is that in general MAC only starts to generate MAC PDU according to the allowed processing time, instead of PUSCH start time.
Only in case that MAC starts to generate a MAC PDU while another conflicting high priority grant is received (pre-emption case), then both MAC PDUs can be generated and delivered to PHY.

	Sequans
	Option 1 and 2
	The proposed options are not really clear for us.
Generally we agree with E/// description.
WID says : “Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant”
In our view, in case of conflicting UL grants, MAC should select the UL grant based on LCH priorities and LCP restrictions as well as presence of data. For CG, MAC should basically wait “start-time minus processing time” before generating a PDU/sending to PHY but this may not need to be specified as such (this is our understanding on how CG works, otherwise a UE may e.g. send padding on all CGs because it does not even wait for some data arrival).

	Panasonic
	The combination of Option 1 and Option 4
	We agree there is case described by DOCOMO where the later activated configured grant has higher priority can happen. According to our understanding, when earlier grant schedules later PUSCH, it is up to UE implementation whether MAC PDU is given PHY just before PHY transmission or in the order of grant reception/identification. We would like to keep this aspect up to UE implementation. It depends on the processing time realization of MAC and PHY. Therefore, our view is following.
- When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY. The exact condition of "when possible" is up to UE implementation. Even such selection is carried out in MAC, to provide the assistance information to PHY is necessary for the decision of the priority comparison with ACK/NACK of PDSCH.
- If not possible, MAC generates a MAC PDU for each grant and provide the assistance information to PHY and PHY makes the prioritization based on the assistance information. 

	Sharp
	Option 1 and 2
	We agree with Ericsson and prefer MAC does the prioritization so that it can avoid (to some extent) generating a MAC PDU that will be stored in the HARQ buffer without transmitting in current transmission opportunity.

	CMCC
	Option 1 and 2
	Since there are two cases:
Case1: Data for both grants (DG and CG) are available prior to generating the MAC PDU of the earliest PUSCH.
Case2: First MAC PDU has already been generated and delivered to PHY and another higher priority MAC TB should be transmitted.
Option 1 considers the case where two grants are available prior to generating the MAC PDU of the earliest PUSCH.  And the option 1 MAC based prioritization as high priority data can be prioritized is in line with the conclusion from the SI.  Option 2 considers the case 2 where two grants have different start times, and suggests that the earlier grant with low priority is prioritised. Since LCH multiplexing and prioritization are all functionalities designed in MAC layer, we prefer these should be handled in MAC layer and thus option 3 and option 4 are not our preferred approach.

	Convida
	Options 1 & 2
	We have similar views as Ericsson and Samsung. Option 1 when the higher priority MAC PDU is built first and delivered to the PHY, and Option 2 when the lower priority PDU is built first and delivered to the PHY.

	Fujitsu
	Option 1 & option 2
	Similar to Ericsson, a combination of option 1 and option 2 is needed, also similar to CATT. 
MAC could build up one or two MAC PDUs which depends on the situation of two conflicting PUSCHs. For example, 
· In case that the first PDU (e.g. eMBB) has already been built according to the first grant while the gNB finds that there is a second grant which needs to carry on data with higher priority and overlaps with the first grant, the gNB should generate the PDU according to the second grant as well. Then, the gNB lets PHY know that the first grant should be dropped/stopped and the second grant should be transmitted.
· In case that when the gNB compares two grants overlapping with each other no MAC PDU has been built according to any of these grants yet, the gNB could generate only one PDU for the grant with higher priority.

Regarding to the prioritization of conflicting PUSCHs/grants, we prefer to limit it within MAC unless any infeasible issue is identified. This is because data multiplexing and LCH prioritization are all MAC functionalities. If Option 3 or Option 4 is adopted the basic infrastructure of MAC will need to be adjusted. Option 3 and Option 4 are not desirable.
Indicating priority in DCI for DG PUSCH is not preferred. According to existing MAC mechanism of data multiplexing and LCH prioritization, MAC always tends to put the data with the highest priority into the grant being processed among the data whose duration requirement could be satisfied by this grant. We think so far the existing mechanism seems good. Allowing DCI indicates the priority of grant/data will obviously change the existing working flow of data MUX and LCH prioirtiztion and require more standardization efforts.
Besides, we support MAC provides priority information of grants/PUSCHs to PHY. But the usage purpose of this information should be limited to handling the collision between PUSCH and other PHY signals/channels which MAC cannot see, e.g. the ACK/NACK of PDSCH.


Summary of replies for Q1a
MAC solution supporters: 14 companies (Nokia, CATT, Ericsson, MediaTek, interdigital, III, OPPO, Samsung, Intel, Sequans, sharp, CMCC, Convida, Fujitsu)
PHY solution supporters: 7 companies (LG, Qualcomm, vivo, docomo, ITRI, lenovo, sony)
Either MAC or PHY solution supporters: 1 company (Huawei)
Combination MAC and PHY solution supporters: 3 companies (ZTE, Apple, Panasonic)
Option 1: 10 companies
Option 2: 11 companies 
Option 3: 4 companies
Option 4: 8 companies
Option 5: 3 companies
Majority companies think that there are two cases for prioritization as following:
· Case1: there is sufficient processing time for MAC to do prioritization i.e. only one PDU is generated by MAC
· Case2: there is no sufficient processing time for MAC to do prioritization i.e. first MAC PDU has already been generated and delivered to PHY and another higher priority MAC PDU should be transmitted. (two PDUs are generated by MAC)

For case1, majority companies think both MAC and PHY solution could work. For case 2, some companies think this could be solved by option2, but also some companies showed views that it has to be solved by option3/4. The solutions for case 1 and case2 seems necessarily to be separated or a unified solution should be further discussed. Thus, we think the first issue is whether a unified solution is needed for prioritization for both case1 and case2 above. 
Proposal 1: RAN2 to discuss whether a unified solution is needed for the two cases above. 
Among the comments, the most controversial part is prioritization solution for case 2. Some companies think Option2 could solve the problem in case2. However, some companies think only PHY solution or a combination of MAC and PHY solution is needed for case2.  Some companies also commented option2-like solution as option5. Option5 is defined as below: 
· Option5: MAC starts to process the MAC PDU of the earlier grant, and later process the second grant and deliver the MAC PDU to PHY. So PHY implicitly considers the last delivered PDU takes priority. 

Since option 5 incorporates the 14 companies’ view that MAC shall primarily handle the prioritization as well as could solve the case2 problem, we would like to propose as following: 
Proposal 2: Based on the clarified definition of option5, RAN2 to discuss whether solution option5 could solve both case1 and case2 prioritization problem. 
Since there are 14 companies supporting MAC solution and 7 companies supporting PHY solution, there is no consensus to take which solution for prioritization based on companies’ views. We would like to summarize the pros and cons for each solution and RAN2 could further discuss which solution should be chosen.  
	
	Pros
	Cons

	MAC solution
	· It complies with MAC LCP rule in Rel-15.
· For low-priority CG data, MAC PDU is not necessarily generated, no issue that CG data will be stuck in HARQ buffer. 
	

	PHY solution
	· PUSCH vs PUSCH, PUSCH vs UCI prioritization rule could be unified in PHY
· Anyway priority information is needed sending from MAC to PHY to assist PHY do PUSCH vs UCI prioritization. This priority information can be unified for PUSCH vs PUSCH, PUSCH vs UCI prioritization.
	· For CG deprioritized PDU, network may have no idea of the deprioritized data in UE side, retransmission grant needs to be scheduled by network or autonomous re-transmission needs to be enhanced. Also, the stored de-prioritized data in the HARQ buffer may possibly be flushed by MAC.




Proposal 3: Based on pros and cons analysis, RAN2 down-select one solution (MAC or PHY solution) for data vs data prioritization.
Additionally, data availability should also be taken into account. Majority companies think high priority CG PUSCH should be deprioritized if there is no data to send. One company raised an issue in Q8 which is worthy to be discussed that whether MAC generate PDU for every grant, they think for DG, MAC PDU should be always generated. But for CG, MAC PDU is generated only if it is prioritized so that to avoid the CG data being stuck in the HARQ buffer.

· Question 1b: 	For conflicting between CG and CG, which layer, MAC or PHY should take a role of prioritizing the grant? How it works? 
· Option1: 	MAC does the prioritization and only generates/delivers one MAC PDU of higher priority to PHY according to the LCH priority and LCP restrictions. 
· Option2: 	MAC does the prioritization based on sequential grant selection
· Option3: 	MAC generates PDU for each grant i.e. MAC always generates /deliver the MAC PDU for each grant and PHY makes the prioritization based on priority indicator in DCI.
· Option4:	 MAC generates a MAC PDU for each grant and provides assistance information to PHY and PHY makes the prioritization based on the assistance information. 
· Option5: 	other (please elaborate in comments)

	Company
	Preferred Options
	Comments

	LG
	Option 4
	Considering that the timing issues are related not only to the time that the grant is received but also to the time that the data becomes available, there is no reason to handle the CG/CG conflict differently from the DG/CG conflict. See our answer to Question 1a.

	Qualcomm
	Option 5
	The main use cases noted by Docomo and Ericsson for CG vs CG conflicts during SI (see R2-1901458) were the following:
· Multiple TSN flows in a UE,
· Multiple time-overlapped CGs (with optional repetition) for a traffic flow to address jitter in packet arrival.
The above use cases can be addressed by using a simple prioritization rule which considers data/PDU availability and a priority associated with CG (configured by upper layers). When two high priority CGs (e.g., for two TSN flows) overlap, it may be better to override them both using a dynamic grant given that overlap is known to gNB (instead of prioritizing one and later recovering other’s data using retransmission introducing unnecessary delay). 

	Nokia
	Option 2
	Compared to parallel grant selection (Option 1) and PHY prioritization in general (Option 3 and 4), sequential grant selection can handle URLLC traffics that arrive instantly while ensuring sufficient processing time, as well as avoiding unnecessary MAC PDU generation that may potentially result in HARQ buffer congestions (For CG, the MAC PDU should be generated if and only if it is prioritized for the reasons explained in Q1a).

	CATT
	Option 5
	= our option 5 of Q1a. We see no reason to have a different rule for CG/CG than for DG/CG. Indeed, although the difference is that a configured grant is not necessarily triggered by a DCI but can become valid upon new data arrival, the same timing consideration may result in MAC being able to deliver only one MAC PDU, or two (e.g. in case of a late data arrival after the processing deadline for the 1st PUSCH). So we prefer a unified approach for both cases. See our description of Option 5 in Question 1a.

	Ericsson
	Option1 and option 2
	We prefer the same approach. For CGs overlapping cases, both sufficient processing time and insufficient processing time can happen and so we believe both option 1 and option 2 are needed as stated above. 
The insufficient processing time can happen, e.g., when the duration of the later CG is short, and the later CG starts in the middle of the earlier CG. 

	MediaTek
	Option 1
	Options 3 and 4 are untenable as they end up requiring the UE to generate 12 TBs in a PUSCH transmission occasion as outlined in our response to Q1a.
A simple MAC based prioritisation rule that considers data availability on a LCH as well as the ability of the grant to carry the LCH, which results in 1 TB generated per PUSCH transmission occasion is ideal from a performance perspective. We suggest considering just the highest priority LCH with data available, along with the RRC configured LCP restrictions of the overlapping CGs (i.e. only consider the grant that can carry the LCH).

	vivo
	Option4
	Physical layer has more information about ACK/NACK.

	DOCOMO
	Option3 or 4
	For CG vs CG conflict case, the following use case should be considered.
· Use case 1: Support different service/traffic types with different requirements on latency, reliability, packet size etc., running simultaneously at the UE side;
· Use case 2: To ensure K repetitions without sacrificing the latency for a given URLLC service, similar as multiple UL SPS configurations supported in LTE HRLLC. The main features for use case 2 are following:  
· The multiple configured grant configurations have the same periodicity but can have different time offsets
· UE should start PUSCH transmission at the beginning of a first repetition of a transmission occasion of a configured grant configuration and continue K times repetition.
For use case 1, resource conflicts handling between DG and CG can be reapplied. For use case 2 that multiple CG configurations are used to guarantee the number of repetitions, it can be viewed as collision handling for traffics with equal priority, section 2.6, it is preferred that transmission starts earlier in time should be prioritized. In other words: an ongoing UL CG repetition transmission should not be interrupted by another UL CG repetition having a new data arriving.

	InterDigital
	Option 1
	We see no need to differentiate for the CG-CG conflict case.

	ITRI
	Option 3 and 4
	The same reasons of Q1a. 

	Huawei, HiSilicon
	Option 2/4
	Note that option 3 may not work in this case, as there is no DCI for the configured grants.

	ZTE
	Option 2+Option 4
	Similar as we mentioned for Q1. If the URLLC data available (which is expected to be transmitted through CG2) is detected  before the LCP procedure of CG1, then option 2 can be used. Otherwise, option 4 shall be used.

	Lenovo
	Option 3, but…
	Same as for Q1a) the UE should only generate a PDU for the prioritized grant. Prioritization can be done based on priority of the CG and data availability info. 

	Sony
	Option 4
	Same as Q1a

	III
	Option 5
	CG/DG prioritization also applies for CG/CG prioritization. 

	Apple
	Option 2 and Option 4
	Same as Q1a. 

	OPPO
	Option 5
	Refer to our Option 5 in Question1. We also think there is no need to differentiate CG vs. CG case from DG vs. CG case.

	Samsung
	Option 1, Option 2
	We see there is no difference between CG-CG case and CG-DG case.

	Intel
	Option 1
	Same reasoning as Q1a.

	Sequans
	Option 1 and 2
	Same as for Q1a.
The presence of data is required too, same as for Q1a.

	Panasonic
	The combination of Option 1 and Option 4 (same as DG-CG conflict case)
	We agree the unified solution between CG vs DG and CG vs CG is preferred.

	Sharp
	Option 1 and 2
	Same as Q1a.

	CMCC
	Option 1 and 2
	Same as Q1a.

	Convida
	Options 1 & 2
	We prefer a common solution for the CG-CG and DC-CG cases. We agree with Ericsson and Samsung views. Option 1 when the higher priority MAC PDU is built first and delivered to the PHY, and Option 2 when the lower priority PDU is built first and delivered to the PHY.

	Fujitsu
	Option 1 and Option 2
	We prefer the same solution to the conflict handle of CG and DG.


Summary of replies for Q1b
Option 1: 11 companies
Option 2: 11 companies 
Option 3: 3 companies
Option 4: 8 companies
Option 5: 3 companies
Since majority companies think the prioritization solution for CG vs CG conflict should be same with CG vs DG conflict, we propose as following:
Proposal 4: RAN2 agree to take a same prioritization solution for CG vs CG conflict and CG vs DG conflict.
2.2 LCP restriction enhancement
In [12] [24] [25] [26] [27], it discussed that Rel-15 LCP restriction parameters e.g. allowedSCS-List, maxPUSCH-Duration, configuredGrantType1Allowed are not sufficient to distinguish traffic types with different reliability requirements captured in TS22.104. Therefore, LCP restriction should be enhanced considering the reliability provided by the grant (e.g. whether the grant is for high-priority or low-priority traffic can be derived by MCS value or MCS-C-RNTI). In [23], it proposed that it is necessary to introduce an indication of a grant’s suitability to serve a given LCH. An indication can be defined to identify which LCH(s) are allowed for transmission using which grant so that multiplexing entity can restrict the LCH’s data from being sent over the grant that is not suitable for this LCH. 
· Question 2: Do companies agree that LCP restriction should be enhanced considering the reliability level provided by the grant? 
· If the answer is Yes, which option is preferred for such enhancement?
· Option1: 	indicate whether the grant is for high-priority or low-priority traffic by MCS value or MCS-C-RNTI
· Option2: 	A new indication is defined to identify the LCHs are allowed for transmission using a given grant 
· Option3: 	other (please elaborate in comments)
	Company
	Yes/No
	 If yes, preferred option
	Comments

	LG
	Yes
	Option2 or Option1
	Legacy mechanism cannot guarantee that the UE uses the received UL grant for a specific RB or a specific QoS. A mechanism to use UL grant for a specific RB or a specific QoS should be considered. 

	Qualcomm
	Yes
	Option 2 
	LCP restrictions should be enhanced to ensure that
· URLLC traffic is not sent using eMBB grants (e.g., with high MCS) as it can lead to failure in meeting latency and reliability targets. Rel-15’s LCP restriction based on maximum PUSCH duration is limiting as it essentially prevents even URLLC with slightly relaxed latency requirements (e.g., 2ms - 4ms) from using PUSCH with long duration.
· eMBB traffic is not sent using CGs for aperiodic URLLC traffic. Rel-15 does not provide any solution to realize this for CG type 2.
LCP restriction for a logical channel should consider grant priority values. The priority should be indicated by DCI for dynamic grant and priority indicated by upper layers for CG.
We believe that RAN1 will anyway introduce a priority indication for dynamic grants to carry out PUSCH vs UCI prioritization.
MCS-RNTI limits MCS tables that can be used for URLLC and MBB traffic.

	Nokia
	Yes/No
LCP restrictions should be enhanced (for CG), but not with specific consideration on reliability level
	Option 3
	Firstly, we would like to note that there is nothing in the UL grant or CG configuration that provides the reliability level. The choice of MCS of a grant does depend not only on the priority of the traffic, but also on the current radio conditions of the UE. So Option 1 doesn’t seems to be an appropriate enhancement in our perspective.
The benefits of Option 2 are not clear as compared to the existing LCH mapping restriction mechanisms.
We think LCP restriction enhancement is particularly needed for CG in Rel-16. As now we can support multiple active CGs per BWP, mapping restriction should be enhanced such that some LCHs can only be mapped to certain CG indices. This is already being discussed under TSC-related enhancement (see for example our paper in [28]), and the intentions of both Option 1 and 2 can be covered by this generalized approach. 

	CATT
	Yes
	Option 1
	Rel-15 has introduced LCP restriction parameters in support of URLLC traffic, but the “R” for reliability is still missing from the parameter list. In [25] we show that the service addressing control-to-control communication in motion control has the highest reliability requirement but both relaxed latency requirement and large (1Kbyte) message size (Table 5.2-1 of TS22.104). Hence current LCP restriction parameters cannot differentiate it from eMBB traffic.
Regarding the method, we see no reason to introduce a new method with new signalling involving RAN1 (DCI) compared with legacy approach and would prefer to simply complement the current LCP restriction parameter list with one parameter addressing the reliability. Configuring such parameter as a maximum MCS to be used by the LCH is our preferred option.
On the argument that MCS also depends on the channel quality at a given time, we think it does not prevent from restricting URLLC transmissions to operate on a lower range of the total MCS domain. That range is UE-specific and can be RRC adapted slowly wrt long-term channel quality assessment. And, if needed, restricting sending URLLC with low MCS (even if higher MCS could have been possible) should not be a concern.

	Ericsson
	Yes
	Option 2
	We believe LCP restriction should be enhanced. LCP restriction was introduced in NR Rel-15. For example, maxPUSCH-Duration is introduced to prevent critical traffic to be transmitted on a long PUSCH duration grant and thus to reduce the latency. However, the reliability aspects are missing in Rel-15, and it can happen that the critical traffic is transmitted on an unreliable grant. 
For option 2, the grant indication can be, for example, for dynamic grant, based on DCI specifying whether the grant is reliable or not. The LCH is then configured with allowedOnReliableGrant or allowedOnUnReliableGrant. This enhancement prevents critical traffic to be transmitted on an unreliable grant, and it also gives more flexibility for the network scheduler. 
For Option 1, the use of low MCS index or MCS C-RNTI can also be a result from a low channel quality, in other words, MCS index or table do not necessarily define the reliability of a grant.  

	MediaTek
	Yes/No
Similar view as Nokia
	Option 3
	We agree with Nokia’s comments above that there’s no need to enhance the existing LCP restrictions when considering reliability.
However, with the introduction of multiple CGs, it is necessary to enhance the existing CG restrictions to ensure that only relevant LCHs are routed to appropriate CGs.

	vivo
	Yes
	Option1
	Option 1 is simple and MCS-RNTI (DG) and mcs-Table with qam64LowSE (CG) should indicate the high priority service.

	DOCOMO
	Yes
	Option1 with MCS-C-RNTI and option 2 
	It is important to ensure the URLLC traffic is mapped to the suitable uplink grant resource. LCP restriction should be enhanced. We share companies views that it is not always true that low MCS value is used URLLC while high MCS value is used for eMBB, it depends on the latency and reliability requirement for URLLC and whether total reliability for URLLC is achieved by one shot transmission or by repetition/HARQ-based re-transmission. While about MCS-C-RNTI, we think it can be considered as one implicit indication in PHY layer that this dynamic UL grant is for scheduling URLLC data. Besides using MCS-C-RNTI, we think instead of defining complex parameters e.g. maxPUSCH-Duration, MCS value, repetition number etc. we can define a new indication to identify whether the LCHs are allowed for transmission using a given grant. Here the grant should cover both dynamic grant and configured grant Type 1 and Type 2. For dynamic grant, the priority can be explicitly or implicitly e.g. using MCS-C-RNTI indicated by UL grant; for configured grant, the priority and/or association with the LCG should be configured by higher layer for each configured grant configuration. 

	InterDigital
	Yes
	Option 2
	While option 1 is acceptable, the reliability of the grant can include factors other than the MCS table. Option 2 is therefore more inclusive and better for the scheduling implementation.
RAN1 may inevitably introduce such priority indication for the UCI vs. PUSCH prioritization scenario, so might as well re-use it.

	ITRI
	Yes
	Option 2
	We agree with Ericsson’s points, and the definition of the reliability restriction is FFS. 

	Huawei
	Yes
	Option 1 for dynamic grant, Option 3 for CG
	For dynamic grant, MCS-RNTI can be used to indicate the priority.
For CG, a logical channel can be linked to a MCS range or some CG indexes.

	ZTE
	Yes
	Option 1 + Option 3 (for TSC)
	Option 1 with restriction on the grant based on new MCS-table (e.g. grant scheduled by MCS-RNTI) shall be considered.
For the support of TSC, some new restrictions can be considered to limit the use of CGs, which are configured for TSC services specifically.

	Lenovo
	Yes
	Option1
	We agree with CATT

	SONY
	Yes (only CG)
	Option3
	For configured grant (CG), we agree with Nokia and MediaTek, a logical channel should be configured a mapping restriction of one or more specific CG resources where each CG resource could potentially have a different MCS index. 
For dynamic grant (DG), a UE needs to change its MCS table autonomously and inform gNB about selected MCS table.


	III
	Yes
	Option 2
	A grant using high MCS may be not with high priority. It is not intuitive to configure LCP mapping restrictions for LCHs with different priorities by MCS value or MCS-RNTI. 
For option 2, we support LCP mapping restrictions enhancements only on CG. Indication of allowed LCHs is a simple solution. 

	Apple
	Yes
	Option 2
	In R15, for type-1 configured grant, we have support to map specific LCH on the configured resource, but for type-2 configure grant, we donot have such LCH restriction but only rely on the restriction configuration of allowedSCS-List, maxPUSCH-Duration. 
In R16, we agreed to support multiple configured grants for both type-1 and type-2. Then in order to map different LCHs on the different configured grants, we need to introduce new indication to identify the LCH allowed for transmission on the configured grant.  

	OPPO
	Yes
	Option 1
	Considering for some special DCI format, e.g. DCI format 0-0, DCI format 1-0, there is no room to add additional information in DCI content, MCS-C-RNTI may be a better way to differentiate URLLC and eMBB.

	Samsung
	Yes
	Option 3
	We have similar view with Nokia and MediaTek. “allowedConfigureGrantList”-like restriction which indicates the configured grant for each logical channel can be considered. We understand that the main scenario of serving multiple IIOT traffics assumes using multiple configured grants where each IIOT traffic flow uses each active CG configuration. 

	Intel
	Yes/No
	Option 3
	We share the similar view as Nokia and MediaTek. LCP restrictions can be enhanced so that some LCHs can be only mapped to a subset of CG configurations.

	Sequans
	Yes
	Option 3
(or 2 assuming the “indication” is just a configuration IE?)
	Same view as Nokia.
We also propose to be able to map LCH(s) to CG configuration(s), and/or to add CG period as a criteria (mainly for TSC use cases).
See our paper [29].

	Panasonic
	Yes
	1st preference is Option 1 with MCS-RNTI. 2nd preference is Option 2. We don't support Option 1 with MCS value.
	We agree lower MCS does not always means higher priority. Therefore, Option 1 based on MCS value is not suitable. For the comparison between Option 1 of MCS-RNTI and Option 2 of new indication, the functionality can be almost same on the operation range of URLLC traffic, although some merit in Option 1 of MCS-RNTI on the supporting coding rate. 

	Sharp
	Yes
	Option 2
	We think reliability should be considered in LCP restriction. Currently, data from LCHs requires high reliability is multiplexed with data from LCHs requires low reliability which makes the network should always provide UL grant with the reliability to satisfy the data from the LCHs with the highest reliability requirement. 

	CMCC
	Yes
	Option 1
	Agree with CATT that we should stick to the approach of making enhancement on the current LCP restriction. Some company may argue that MCS table could be changed if the radio condition changes. 
In our opinion, applying new MCS table to the eMBB service does only provide theoretically possibility to enhance the UL coverage, since it would result in a low spectrum utilization and low power efficiency, which is opposite to the intention of eMBB service.  

	Convida
	Yes
	Option 2
	MCS is also determined depending on radio conditions and therefore option 1 may not result in proper operation.


Summary of replies for Q2
LCP restriction should be enhanced with reliability in grant: 19 companies (LG, Qualcomm, CATT, Ericsson, vivo, docomo, InterDigital, ITRI, Huawei, ZTE, Lenovo, III, Apple, OPPO, Sequans, Panasonic, Sharp, CMCC, Convida)
Only CG restriction should be enhanced: 5 companies. (Nokia, MediaTek, sony, Samsung, Intel)
Option 1: 10 companies
Option 2: 11 companies 
Option 3: 8 companies
19 companies think LCP restriction should enhanced considering the critical and high priority TSC-traffic should be ensured to be mapped with high reliability grant. 5 companies think TSC traffics are mainly served by configured grants, the existing CG restriction should be enhanced to ensure the some LCHs are only mapped to certain CGs. 
For option1, supporting companies think that it is beneficial to restrict URLLC transmissions to operate on a lower range of the total MCS domain. However, some companies oppose that the MCS value also represents radio channel condition and cannot necessarily define the reliability of the grant. There are 6 companies proposed MCS-C-RNTI (DG) and mcs-Table with qam64LowSE (CG) can be used for indicating the reliability of the grant. For option2, companies think LCH restriction can be enhanced by configured with allowedOnReliableGrant or allowedOnUnReliableGrant to prevent critical traffic to be transmitted on an unreliable grant. For option3, supporting companies think the LCP could be extended by introducing restrictive mapping between LCHs and CG configuration.
Proposal 5: RAN2 further discuss and decide solutions for enhancing LCP restriction listed as following: 
Option1: 	indicate whether the grant is for high-priority or low-priority traffic by MCS value or MCS-C-RNTI
Option2:  A new indication (allowedOnReliableGrant or allowedOnUnReliableGrant) is defined to identify the LCHs are allowed for transmission using a given grant
Option3:  Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.


2.3 Contents of assistance info from MAC to PHY
A lot of papers proposed that assistance information is needed to deliver from MAC to PHY to help PHY do prioritization of UL grants. The contents of assistance info are discussed in [15]. RAN2 have not yet discussed on the detailed contents of assistance information.
· Question 3a: for dynamic grant 
What should be the contents of the assistance information delivered from MAC to PHY?
How the assistance information delivered from MAC to PHY? 
· Option1:     Prioritized MAC PDU 
· Option2: 	  UL resource that UE PHY should use to send the corresponding prioritized MAC PDU
· Option3:     other (please elaborate in comments)
· Option4:     None

	Company
	Preferred Options
	Comments

	LG
	Option 3
	In order to handle the collision involving retransmissions with the same rule, it would be beneficial to provide PHY with contents information for each MAC PDU, e.g. the highest priority of data multiplexed in the MAC PDU, and PHY should save the information for the associated HARQ process.

	Qualcomm
	Option 3
	No additional information is needed. Just the MAC PDU is enough and prioritization is carried out as discussed in answer to Q1a.

	Nokia
	Option 1/3
	In our opinions, prioritization should be conducted in MAC, but PHY may still need some LCH priority information for purposes of possible UCI multiplexing. Therefore, the information relating to the highest LCH priority in a MAC PDU should be delivered to PHY for every generated MAC PDU (including de-prioritized DG). If MAC provides PDUs for overlapping grants, then PHY should send the one with higher priority as indicated by MAC.
For DG, the MAC should generate the MAC PDU anyway even if it is deprioritized to avoid ambiguity of HARQ mechanism. So from this point of view, the LCH priority relating to DG is passed to PHY when the PDU is provided for transmission.

	CATT
	FFS
	From RAN2 perspective, we don’t see a need so far to provide any information from MAC to PHY. As mentioned in Q1a, PHY should simply prioritize the PUSCH which MAC PDU is delivered last, and cancel any on-going transmission of the 1st PUSCH. If RAN1 see a need for MAC to provide more information, or would consider other possible schemes (e.g. puncturing) they will notify us. Regarding the priority of re-transmissions, we think it is addressed in MAC, which we first need to agree on (Q5b/5c). It would then be FFS (stage 3) how this is modelled at the MAC/PHY interface. 

	Ericsson
	Option 4, None
	This section is conditioned on answers to question 1. Since prioritization can be done at MAC, another option of “none assistance information” must be introduced, i.e., Option4: None. 
In our proposal (in case of a need for PHY pre-emption), PHY would always prioritize the later passed MAC PDU, i.e., no need for explicit assistant information.

	MediaTek
	Option 3, None
	We do not need a formal interface between MAC and PHY to provide assistance information, as these protocol layers exist within the same UE. 
In MAC, grants are prioritised based on the data it would carry. Should the rules for UCI multiplexing in the RAN1 specifications require additional information known at MAC such as the highest priority LCH included in the TB, it can provide a reference to the MAC specification. This would be similar to the RAN1 specification references in the MAC specification on PHY operations such as CSI, BFR and so on. 

	Vivo
	Option3
	The information of the priority of each delivered PDU, which equals to the highest LCP priority among the LCHs included in the PDU.
The PHY can decide which grant should be prioritized according to the priorities of UCI and the assistance info from MAC to PHY.  

	DOCOMO
	Option1 or option 4
	For resource conflict between DG and CG, in case DG eMBB MAC PDU is already generated and delivered to PHY before knowing there will be a higher CG URLLC data comes. MAC should provide priority information (e.g. prioritized MAC PDU) to PHY to assist PHY to do prioritization. Or for dynamic grant, the priority can be indicated by UL grant; for configured grant, the priority and/or association with the LCG should be configured by higher layer for each configured grant configuration, then no need of MAC layer to deliver the priority information to PHY. 

	InterDigital
	Option3/4, None
	If more than one PDU is submitted to the physical layer, it is up to the physical layer how to handle the conflicting transmissions.

	ITRI
	Option 3
	For proper HARQ scheduling, the highest priority of data multiplexed in the MAC PDU should be provided from MAC to PHY for each MAC PDU (including UCI multiplexing and retransmission). 

	Huawei
	Option 3
	The highest priority of the data multiplexed in the MAC PDU.

	ZTE
	Option 3
	We think the priority of MAC PDU shall be included as part of HARQ profile for the transmission of each MAC PDU, and the priority can be determined by the priority of data included in the MAC PDU. With the priority information in HARQ profile, the PHY can prioritize the transmission of MAC PDU with higher priority, which can be used in both initial transmission and HARQ retransmission.

	Lenovo
	Option3 
	To do the prioritization in PHY, PHY needs to know the data availability, e.g. for a high priority DG grant PHY needs to know whether there is data available using the DG grant. 

	SONY
	Option3
	Explicit assistance information relating to the priority of the MAC PDU/PUSCH.


	III
	Option 3
	Based on RAN1 discussions, LCH priority information is useful for UCI multiplexing and HARQ-ACK prioritization. Also the priority is useful for SR and PUSCH prioritization. 

	Apple
	Option 3
	MAC can provide the LCH priority associated with the MAC PDU to PHY. 

	OPPO
	Option 4, None
	According the description in Q1, PHY can consider the later one with a higher priority. 
But, we also agree to introduce assistant information to PHY, if RAN1 has such request to MAC to obtain more information.

	Samsung
	Option 4
	We understand that the MAC PDU delivered later is always prioritized. We do not see that any assistance information is needed.

	Intel
	Option 4 (None) 
	We don’t think assistance information is needed.

	Sequans
	Option 4 (None)
	We don’t see the need. In case MAC decides to pre-empt a previously sent PDU, it will send the highest priority one which implicitly means it has higher priority over the earlier one.

	Panasonic
	Option 3
	 The highest priority of LCH in the MAC PDU.

	Sharp
	Option 4
	We don’t think assistance information is needed.

	CMCC
	Option 4, None
	As we explained in 2.1, the handling of overlapping PUSCH grant prioritization should be performed in MAC layer.

	Convida
	Option 3
	MAC PDU priority can be implicitly determined by the PHY as discussed in answers to Q’s 1a and 1b

	Fujitsu
	Option 3
	As shown in 2.1, we support MAC provides assistance information to PHY, e.g. the priority information of grants/PUSCHs. But the usage purpose of this information should be limited to handling the collision between PUSCH and other PHY signals/channels which MAC cannot see, e.g. the ACK/NACK of PDSCH.
Since both MAC and PHY are at UE side, it is no need to add a new signalling or message in standard. This kind of information exchange could be done via UE implementation.


Summary of replies for Q3a
Companies support providing assistance information from MAC to PHY: 13 companies (LG, Nokia, vivo, docomo, ITRI, Huawei, ZTE, Lenovo, sony, III, Apple, Panasonic, Fujitsu)
Companies do not support providing assistance information from MAC to PHY:12 companies (Qualcomm, CATT, Ericsson, MediaTek, interdigital, OPPO, samsung, intel, sequans, sharp, CMCC, convida)
Option 1: 2 companies
Option 2: 0 companies 
Option 3: 16 companies
Option 4: 9 companies 

· Question 3b: for configured grant 
What should be the contents of the assistance information delivered from MAC to PHY?
How the assistance information delivered from MAC to PHY? 
· Option1:     prioritized MAC PDU 
· Option2: 	  UL resource that UE PHY should use to send the corresponding prioritized MAC PDU
· Option3:     other (please elaborate in comments)

	Company
	Preferred Options
	Comments

	LG
	Option 3
	Same as Question 3a.

	Qualcomm
	Option 3
	No additional information is needed. Just the MAC PDU is enough and prioritization is carried out as discussed in answer to Q1b.

	Nokia
	Option 1/3
	For CG, we think a PDU is only generated when the grant is prioritized (because it doesn’t have HARQ ambiguity issues as for DG). Thus, the MAC should deliver the priority information (i.e. priority of the highest priority LCH contained in the MAC PDU) of MAC PDUs generated for CG (which is also prioritized MAC PDU).

	CATT
	None
	Same as Q3a, from RAN2 perspective, we don’t see so far a need to provide any information from MAC to PHY. FFS further RAN1 input.

	Ericsson
	None
	Same as above

	MediaTek
	Option 3, None
	As mentioned in Q3a, there is no need for a formal interface between the MAC and PHY specifications. RAN1 specifications provide references to the MAC specification when information on PDU contents are needed.

	Vivo
	Option 3
	Same as question 3a.

	DOCOMO
	Option1/3
	For CGs conflict, similar approach can be used as conflict between DG and CG 

	InterDigital
	Option 3, None
	If more than one PDU is submitted to the physical layer, it is up to the physical layer how to handle the conflicting transmissions.

	ITRI
	Option 3
	Same as Question 3a.

	Huawei
	Option 3
	The highest priority of the data multiplexed in the MAC PDU.

	ZTE
	Option 3
	Same as question 3a

	Lenovo
	Option3 
	To do the prioritization in PHY, PHY needs to know the data availability, e.g. for a high priority CG grant PHY needs to know whether there is data available using the CG grant. 

	SONY
	Option3
	Explicit assistance information relating to the priority of the MAC PDU/PUSCH.

	III
	Option 3
	LCH priority information also applies for CG. 

	Apple
	Option 3
	Same as Question 3a. 

	OPPO
	Option 4, None
	Same as Question 3a.

	Samsung
	None
	We see there is no difference between CG and DG case.

	Intel
	None
	We don’t think assistance information is needed (same as Q3a).

	Sequans
	None
	Same as above

	Panasonic
	Option 3
	Same as Question 3a.

	CMCC
	None
	Same as above

	Convida
	Option 3
	Same as Q 3a.

	Fujitsu
	Option 3
	Same as the answer to Q3a. 


Summary of replies for Q3b
Companies support providing assistance information from MAC to PHY: 13 companies (LG, Nokia, vivo, docomo, ITRI, Huawei, ZTE, Lenovo, sony, III, Apple, Panasonic, Fujitsu)
Companies do not support providing assistance information from MAC to PHY:12 companies (Qualcomm, CATT, Ericsson, MediaTek, interdigital, OPPO, Samsung, intel, sequans, sharp, CMCC, convida)
Option 1: 2 companies
Option 2: 0 companies 
Option 3: 17 companies
Option 4: 9 companies 
There are 13 companies supporting assistance information is needed sent from MAC to PHY to help PHY do prioritization of UL grants. Majority of supporting companies think highest priority data multiplexed in the MAC PDU or LCH priority information could be provided to PHY to assist PHY do prioritization. While 12 companies are opposing to send assistance information from MAC to PHY, they think MAC solution is enough to do prioritization. Since there is no consensus for it, we suggest this issue could be discussed together with Q1a and would like to propose as following:
Proposal 6: RAN2 further discuss if assistance information is needed providing from MAC to PHY to assist PHY do UL grants prioritization. 
Proposal 6a: If proposal 6 is agreed, RAN2 further discuss and decide the contents of the assistance information sent from MAC to PHY as following:
Option1: the highest priority of data multiplexed in the MAC PDU
Option2: the highest LCH priority in a MAC PDU
Option3: the priority of the MAC PDU/PUSCH

2.4 UE Processing time
In [19], UE processing time is discussed. UE minimum processing time is needed for the layer where prioritization is performed in case of collisions between data and data, data and control. In Rel.15, UE processing timeline is defined in PHY layer including the DCI decoding, data decoding/preparation and HARQ-ACK preparation etc. The processing timeline also specifies the required time for UCI multiplexing. In Rel.15, MAC layer processing time is not defined. However, if MAC generates at most one MAC PDU in case of a collision involving at least one DG, a minimum UE processing time requirement is needed in MAC. Otherwise different UE implementations may prioritize the collisions differently and the prioritization of time sensitive service transmission will be not consistent for a given scheduler strategy. Therefore, following questions are made. 
· Question 4a:	Do companies agree that a minimum UE processing time requirement is necessary in MAC if MAC shall generate at most one TB in case of a collision involving at least one DG?
	Company
	 Yes/No
	Comments

	LG
	No
	The minimum UE processing time requirement is not needed. The exact moment when the MAC performs LCP procedure is up to UE implementation. After constructing a MAC PDU, MAC should deliver it to PHY.

	Qualcomm
	
	MAC should typically generate a TB for each grant (and hence generate more than one TBs when there is a collision). 
If MAC generates only one TB in case of a collision, timelines will have to be carefully defined and defining it be a complex task and the associated timeline will have dependencies with PHY timelines like N1 and N2.
Even for solutions generating two TBs, we recommend that RAN2 consults with RAN1 to evaluate any timeline impacts especially since it may involve actions like pre-emption of PUSCH transmission.

	Nokia
	No
	With sequential grant selection (discussed in Q1a/b), processing time is not a concern, because the MAC can always generate the MAC PDU before it is too late. The processing time requirements are already defined by RAN1 (see section “6.4 UE PUSCH preparation procedure time” of 38.214). The processing time is from reception of the UL grant and thus considers also MAC processing.

	CATT
	No
	As elaborated in [18], Rel-16 UE processing times, even if upgraded to account for MAC prioritization, should remain captured in PHY specification only, as in Rel-15, transparently to MAC. It is also interesting to notice that at least two chipset vendors consider the additional processing time due to MAC prioritization as negligible [3][13].

	Ericsson
	No
	This was discussed in the SI and it is agreed not to specify any UE processing time. 
Minimum processing time in Rel-15 is defined in PHY and consider upper layers processing. Note that, in Rel-15, when dynamic grant and configured grant overlap, only one grant (i.e., dynamic grant) is selected and there is no minimum UE processing time at MAC defined either in Rel-15. 
In Rel-16, if there is any need to define minimum UE processing time for preemption, we think it is up-to PHY to define as in Rel-15. 

	MediaTek
	It depends
	Options that require the generation of several PDUs for a PUSCH transmission occasion, such as a requirement to generate a TB for each grant, can affect MAC’s processing timeline as LCP needs to be iteratively performed several times for each transmission. This will require timeline investigations.
On the other hand, if the rules for grant prioritisation are simple enough, then the LCP impact on the processing timeline may be negligible.
The impact on the UE processing time will only be known based on the option chosen for prioritisation. Nevertheless, the processing time is an important factor to consider when making a choice on the grant prioritisation mechanism to adopt.

	vivo
	NO
	

	DOCOMO
	No
	We also think the minimum UE processing time should be defined in PHY. But we should confirm with RAN1 to check the timeline impacts if MAC generates only one TB in case of a collision.

	InterDigital
	Yes
	Grant selection and generating a single PDU according to a priority rule in MAC can only take place if there is sufficient processing time available. The processing time includes time for decoding and processing the DCI, time required to determine what data, if any, is applicable for each grant, and the time to select a grant and build a TB. If a UE cannot achieve these steps in time, the grant could be selected in a less than optimal manner or the UE may only generate a single PDU for the deprioritized grant. 
Without specifying a prioritization processing time requirement, different UE implementations may prioritize the collisions differently and the UE prioritization for the transmission of low-latency transmission can be ambiguous.

	ITRI
	No
	As the comments in Q1a, we prefer that PHY makes the prioritization in order to avoid the ambiguous behaviour caused by UE processing. 

	Huawei
	No
	We have not seen a problem.

	ZTE
	No
	With the option 4, we think the minimum UE processing time can still be left to UE’s implementation.

	Lenovo
	No
	Minimum processing time should be defined in PHY, not in MAC.

	SONY
	No
	Rel-15 minimum UE processing time requirement for PHY layer should be reused for both MAC and PHY layers at least for Rel-16.

	III
	No
	If Rel-16 needs a new minimal UE processing time for determining DG/CG (CG/CG) prioritization, it should be studied in RAN1 and defined in PHY. 

	Apple
	No
	We should leave it to UE implementation. 

	OPPO
	No
	As we understood, the main argument for the need of processing time is to align the UE and the gNB on the number of MAC PDU and to make the gNB being aware of dropped MAC PDU. Actually, this issue had been discussed in Rel-15, and no consensus is achieved since it is too hard to define precise value of processing time. Furthermore, several solutions can be considered to resolve the misalignment issue of MAC PDU if existing, even though the gNB has no information of the number of the built MAC PDUs.

	Samsung
	No
	

	Intel
	No
	We don’t think it is necessary to define UE processing time in MAC.

	Sequans
	No
	

	Panasonic
	No
	We agree the comment made by LG, i.e. the exact moment when the MAC performs LCP procedure is up to UE implementation. After constructing a MAC PDU, MAC should deliver it to PHY.

	Sharp
	No
	We think it should be leaved to UE implementation as in Rel-15. 

	CMCC
	No
	We don’t think it is necessary to specify UE processing time in MAC.

	Convida
	No
	Our view is when the higher priority MAC PDU is built and delivered to the PHY first, the lower priority PDU should not be built and delivered to the PHY. For this and other reasons MAC should build MAC PDUs as late as possible taking into account the PHY minimum processing time. In the MAC this can be left to implementation. 

	Fujitsu
	No
	No need to specify UE processing time in MAC. 
MAC could deliver the PDU with higher priority to PHY. Whether it is possible that to stop the lower priority PUSCH and/or transmit the higher priority PUSCH could be determined by PHY according the capability of processing.


Summary of replies for Q4a
Yes: 1 company
No: 22 companies
Yes/No:  2 companies
Majority companies think there is no need to define UE processing time in MAC. There are 3 companies think UE processing time is needed depending on the option chosen for grant prioritization mechanism. 2 companies suggested RAN2 had better to consult with RAN1 to evaluate any timeline impacts especially if MAC generates only one TB in case of a collision. Based on majority companies’ views, we propose as below:
Proposal 7: RAN2 agree there is no need to define UE processing time in MAC. 
· Question 4b:	if your answer to Q5a is yes, what is the definition and possible value range of processing time in MAC layer? 
	Company
	 Comments

	InterDigital
	Time between when the UE determines the resource overlap and the start of the first symbol of the earliest of the overlapping UL resources
The value range can be defined in terms of a number of symbols, similar to N1 and N2.

	
	

	
	


Summary of replies for Q4b
Since majority companies think there is no need to define processing time in MAC layer, we suggest not discussing the possible value range here.
2.5 Recover the de-prioritized MAC PDU
In the last meeting, following agreements were achieved:
	For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU 



There is still one FFS on recovering the de-prioritized PUSCH on CG, that is a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
· Question 5a: whether UE could transmit the stored de-prioritized MAC PDU in the HARQ buffer using the subsequent radio resource associated with the same HARQ process? Please elaborate the reasons.
	Company
	 Yes/No
	Comments

	LG
	Yes
	It is completely up to gNB decision whether to schedule a retransmission for the deprioritized MAC PDU. Thus, for deprioritized PUSCH on CGs, MAC should also have a mechanism to handle the deprioritized MAC PDU in the HARQ buffer for the case when the gNB does not schedule retransmissions. According to the current MAC spec, the UE can use a configured grant only for a new transmission. If the gNB does not schedule a retransmission for the deprioritized MAC PDU, the subsequent configured grant associated with the same HARQ process is used for new transmission and the corresponding HARQ buffer is overwritten with a new MAC PDU. This may cause a loss of data in the deprioritized MAC PDU. The simplest way to avoid this problem is to allow transmission of the deprioritized MAC PDU in the HARQ buffer using the subsequent grants associated with the same HARQ process.

	Qualcomm
	No
	Retransmission based recovery suffices, i.e., deprioritized MAC PDU in HARQ buffer can either be recovered using a HARQ retransmission grant or RLC retransmission.
The benefits of the enhancement (to use subsequent radio resource) for CG are limited if there is a new packet to be sent using the next PUSCH occasion of the CG (which is the case when CG is configured for periodic URLLC traffic like TSN flow). 

	Nokia
	Yes
	As long as the subsequent radio resource has the characteristics (e.g. TBS) that fit the de-prioritized MAC PDU, it should be possible. However, if the HARQ process ID is configured for a CG, relying on the same HARQ process ID means that the PDU will be delayed for at least one CG occasion, which is undesirable for a URLLC service. Using another HARQ process ID on the other hand means that the grant will have different configuration, which may not fit the TBS size. This is why we think it is important not to create MAC PDU for the deprioritized CG to HARQ buffer unnecessarily. (For DG there is no issue as the gNB knows it should schedule a retransmission).

	CATT
	Yes but
	We see no reason to use the same HARQ process. We would rather allow using the very next valid CG occasion, which of course provides the same allocation size, even with a different HARQ process. By “valid” we mean that it is not prohibited by the configuredGrantTimer. Hence there is no issue in moving the de-prioritized PDU from its current HARQ buffer to the (potentially different) HARQ buffer associated with the next valid grant occasion of the same CG configuration.

	Ericsson
	No
	Note that NR MAC concept does not have autonomous retransmissions, except for some discussions in NR-U. Retransmissions are scheduled, and gNB can do that in this case also.
In the case that such feature is allowed, UE could transmit the data stored in HARQ buffer on the next CG occasion associated with the same HARQ process. However, this creates unpredictability from UE and put burdens on gNB scheduling. For example, the CG might be tailored to a specific service with a certain periodicity, and autonomous retransmission will block the transmission of the new upcoming data and introduce long transmission delays. Moreover, the de-prioritized data is mostly of low priority, and it might be possible that the next occasion CG is also pre-empted due to other higher priority LCH’s data.
If there is a need to increase spectral efficiency, due to always sending retransmission grant to handle the de-prioritized data, one potential solution can be that UE transmit a MAC CE to indicate the existence of de-prioritized data of a specific HARQ Process ID. Upon receiving such notification, gNB allocates a suitable retransmission grant for the de-prioritized data.

	MediaTek
	No
	We rely on retransmission grants from the network for the deprioritised PDU.
A PDU should only be generated if its transmission is intended. If transmission of a PDU has not started, the corresponding UL data should not be stuck in a HARQ process. If transmission of a PDU has started and its transmission has been deprioritised by another UL grant, we should assume that the NW can detect that partial transmission has taken place and rely on retransmission grants from the network for the deprioritised PDU. 
By avoiding the unnecessary generation of PDUs where possible, we reduce both the UE’s processing requirements and the chances of the data transmission being delayed when it is stuck in a HARQ process.

	vivo
	No
	Agree with QC.

	DOCOMO
	Yes, but
	If the deprioritized CG PUSCH starts transmission but pre-empted later by higher priority PUSCH, then it is assumed that gNB can detect the CG PUSCH and to send the UL grant to re-schedule the deprioritised CG PUSCH, which is method a) per agreement; while if the deprioritized CG PUSCH has not started the transmission, gNB does not know whether there is data for CG is generated, then we share Nokia’s and CATT’s views that it is preferred to use the very next valid CG occasion, even with a different HARQ process. 

	InterDigital
	Yes
	The network may not know that the deprioritized PDU was dropped due to intra-UE prioritization, e.g. when the PDU is generated for a CG resource. Hence, the UE should be allowed to transmit the deprioritized PDU on the same or a different HARQ process ID.
The transmission of the deprioritized PDU can be on a different HARQ process ID if the transmission was never started (the CG timer wasn’t started for the HARQ process initially chosen). Otherwise, the retransmission of the deprioritized PDU can only occur using the previously used HARQ process ID, as the initial transmission of the deprioritized TB was started then preempted (the CG timer is running for that case).

	ITRI
	No
	We share the same view with Ericsson that the de-prioritized data is mostly of low priority, and might be de-prioritized again in the next occasion CG. Therefore, there is no strong need to have a UE-autonomous retransmission for de-prioritized CG data. 

	Huawei
	Yes
	We generally agree with the analysis from Nokia. Transmitting the TB in the same HARQ process can greatly reduce the UE processing for retransmission and minimize the standard efforts.

	ZTE
	No
	Since the HARQ process will be used alternatively on UE side for CG, transmit the stored de-prioritized MAC PDU in the HARQ buffer using the subsequent radio resource associated with the same HARQ process will lead to considerable delay, especially take the PDCP reordering delay into account.
In addition, in NR, the mapping between PHR and beam is mainly determined based on the timing of initial transmission of the MAC PDU (i.e. when the MAC PDU is generated). If the MAC PDU stored in the HARQ buffer can be transmitted in the following CG occasion, then some misunderstanding on the PHR may be introduced between UE and NW. 
Since the re-generation of MAC PDU has already been supported for the Msg3 transmission, the re-generation for the de-prioritized MAC PDU can be considered as well instead of retransmission the MAC PDU stored in the HARQ buffer as newly generated MAC PDU.

	Lenovo
	Yes
	In case the pre-empted transmission is for a configured grant, UE respectively MAC layer will assume a successful reception of the MAC PDU if no retransmission UL grant is received from gNB while the ConfiguredGrantTimer is running. However gNB is not aware that UE pre-empted a MAC PDU generated according to a configured grant since this is some UE internal procedure. In order to avoid a loss of data, the UE should be allowed to transmit the deprioritized PDU on the same or a different HARQ process ID.
We share Interdigital’s view that the transmission of the pre-empted PDU can be on a different HARQ process ID if the transmission was never started (the CG timer wasn’t started for the HARQ process initially chosen). Otherwise, the retransmission of the deprioritized PDU should occur using the previously used HARQ process ID (the CG timer is running for that case).

	SONY
	Yes
	In order to reduce the latency, a UE can transmit the de-prioritized CG PUSCH using the next or subsequent radio resources associated with the same HARQ process.

	III
	Yes
	We have similar view with InterDigital. Because there is not always UL data for each CG, the network may not know there is a de-prioritized PDU waiting for transmission.  Therefore, if the subsequent CG is not used for URLLC data transmission, it should be used for transmitting the de-prioritized PDU. 

	Apple
	No
	We prefer to rely on current HARQ retransmission and RLC retransmission mechanism. 

	OPPO
	No
	Agree with QC, the deprioritized MAC PDU in HARQ buffer can either be recovered using a HARQ retransmission grant or RLC retransmission.
In addition, the MAC CE or MAC SDU (e.g. PDCP control PDU) in the deprioritized MAC PDU may be out-dated when UE preform autonomous retransmission no matter with same/different HARQ process. With different HARQ process, extra inter-action between different HARQ processes will be introduced.

	Samsung
	Yes/No
	Since RAN2 agreed to store the de-prioritized MAC PDU in the HARQ buffer, we can simply rely on retransmission. In this case, subsequent CG resources are used only for new transmission.
If RAN2 agree that the stored de-prioritized MAC PDU is transmitted in the next CG with the same/different HARQ process considering the latency, the retransmission by allocating retransmission resource should not be allowed (i.e. we do not have to have two solution for the problem). 

	Intel
	No
	For deprioritized PUSCH on configured grant, relying on retransmission is sufficient (same as deprioritized dynamic grant).

	Sequans
	Yes but
	Same view as CATT, it does not need to be limited to the same HARQ process.

	Panasonic
	Yes
	Agree with Nokia.

	Sharp
	No
	We share Qualcomm’s view. 

	CMCC
	Yes but
	As the above comments, we don’t think the necessary to limit the same HARQ process, which is up to gNB’s implementation.


Summary of replies for Q5
Supporting autonomous retransmission with the same HARQ process: 9 companies (LG, Nokia, Interdigital, huawei, lenovo, sony,III, samsung, Panasonic)
Supporting autonomous retransmission with the different HARQ process: 8 companies (CATT, docomo, interdigital, lenovo, III, samsung, Sequans, CMCC)
Supporting only relying on retransmission scheduled by network: 10 companies (Qualcomm, Ericsson, MediaTek, Vivo, ITRI, ZTE, Apple, OPPO, Intel, sharp)
9 companies support UE autonomous retransmission with the same HARQ process considering it is simple with minimum current spec impact, while 8 companies think UE could transmit the stored de-prioritized MAC PDU in the HARQ buffer using the subsequent radio resource associated with the different HARQ process. They think it is undesirable to rely on the same HARQ process ID means that the PDU will be delayed for at least one CG occasion. Instead, using the next valid CG occasion, providing the same allocation size with a different HARQ process could be allowable for re-transmission. Also, some companies showed views the transmission of the deprioritized PDU can be on a different HARQ process if the transmission was never started (CG timer wasn’t started for the HARQ process initially chosen), while if the CG timer is running, the retransmission of the deprioritized PDU shall only rely on the same HARQ process. However, there are 10 companies opposing it, some of them think autonomous retransmission may block the transmission of the new upcoming data and introduce long transmission delays. Since there is no consensus among companies’ views, we suggest RAN2 to further discuss if the stored de-prioritized MAC PDU in the HARQ could be retransmitted using the subsequent radio resource associated with the same or a different HARQ process. 

Regarding the retransmission of de-prioritized MAC PDU, [5] [6] discussed about the prioritization between new transmission and retransmission. It proposes that UE may determine the priority of the grant for retransmission based on the following:
· Option1:  HARQ process state priority: UE can save the priority that was initially associated with HARQ process for the new transmission. The priority can be reused when MAC determines a resource conflict between the grant for the re-transmitted TB and another UL grant.
· Option2:  Indication of priority level in grant: The UE may rely on a gNB-assisted priority level for the two resources in conflict. 
· Option3: other (please elaborate in comments)

· Question 5b: whether UE should determine the prioritization between a grant for a new transmission and a grant for a retransmission? 
	Company
	 Yes/No
	Comments

	LG
	Yes
	The same rule as the prioritization between new transmissions can be applied.

	Qualcomm
	Yes
	

	Nokia
	Yes
	It should work in the same way as other cases of PUSCH conflict

	CATT
	Yes
	For dynamic grants for retransmissions, the same rule as discussed in Q1a applies where the priority of the grant is determined by the highest priority of LCHs in the initial transmission.

	Ericsson
	Yes
	The same rule should apply regardless it is for new transmission or for retransmission. 

	MediaTek
	Yes
	In the same way as other cases of PUSCH conflict

	vivo
	Yes
	

	DOCOMO
	Yes
	Same rule should apply as other PUSCH conflict

	InterDigital
	Yes
	The same prioritization behaviour should apply for resource conflicts between new transmissions or a new transmission and retransmission.

	ITRI
	Yes
	

	Huawei
	Yes
	

	ZTE
	Yes
	The same way we mentioned for question 3a.

	Lenovo
	Yes
	

	Sony
	Yes
	

	III
	Yes
	

	Apple
	Yes
	

	OPPO
	Yes
	

	Samsung
	Yes
	

	Intel
	Yes
	

	Sequans
	Yes
	We think this question is not specifically related to “retransmission of de-prioritized MAC PDU”.
A retransmission may be requested by NW just because initial transmission was not received.

	Panasonic
	Yes
	

	Sharp
	Yes
	

	CMCC
	Yes
	

	Convida
	Yes
	Same as for new transmission conflicts

	Fujitsu
	Yes
	


Summary of replies for Q5b
Yes: 25 company
No: 0 companies
All companies think UE should determine the prioritization between a grant for a new transmission and a grant for a retransmission as other PUSCH conflicts.
· Question 5c: if the answer in Q 5b is yes, then which option is preferred for UE to determine the prioritization between a grant for a new transmission and a grant for a retransmission?
	Company
	Preferred Options
	Comments

	LG
	Option 1
	Option 1 could be a common solution for the grant prioritization for all cases.

	Qualcomm
	Option 2
	We see no good reason to consider a different rule.

	Nokia
	Option 1
	For consistency, we should keep on relying on LCH priority information.

	CATT
	Option 3
	The priority of the grant for a retransmission is determined by the highest priority of LCHs in the initial transmission.
We don’t see that it is necessarily required to formally associate the HARQ process with a priority to capture the above in the specification. We can leave it to stage 3 details and first agree on the basic behaviour.

	Ericsson
	Option 3
	Since we believe autonomous retransmission of a down-prioritized PUSCH on CG is not needed, the re-transmission is always on a dynamic grant. 
For any retransmission dynamic grant, we compare the priorities of the LCH on the retransmission dynamic grant and the priorities of the LCH on the new grant, essentially the same rule as in the answers to question 1a. 

	MediaTek
	Option 1
	We follow the same prioritisation mechanism as for initial data transmission

	vivo
	Option1
	Same rule can be used for both new transmission and re-transmission.


	DOCOMO
	Option 1
	We think it is better to use the prioritization rule for consistency.

	InterDigital
	Option 1 or 2
	The UE uses the priority associated with the initial transmission (the priority determined by the UE upon constructing the TB). However, if a different priority level is indicated for the retransmission, that priority is used

	ITRI
	Option 1
	Option 1 could be a common solution. 

	Huawei
	Option 1
	

	ZTE
	Option 1
	The same way we mentioned for question 3a

	Lenovo
	Option 1
	Agree with DOCOMO

	SONY
	Option1
	To save or register the priority a grant for later use.

	III
	Option 1
	LCH priority information could be also used for determining new transmission and re-transmission prioritization. 

	Apple
	Option 1
	We prefer the unified solution for all cases. 

	OPPO
	Option 3
	The priority of a retransmission grant is determined by the highest priority of LCHs in the initial transmission grant. 
For example, when facing to a retransmission grant, UE can obtain the priority of retransmission by itself from the LCHs information in the stored MAC PDU in the identified HARQ process. There is no need to formally define UE behaviour in the spec like this: UE can save the priority that was initially associated with HARQ process for the new transmission.

	Samsung
	Option 1
	Common rule for both initial transmission and retransmission

	Intel
	Option 1
	We prefer that the same prioritization rule is used for both initial transmission and retransmission.

	Sequans
	Option 3
	Again, we think this question is not linked to recovering the de-prioritized MAC PDU but more general.
For retransmission requested by DG, option 1 is ok (might not need to be specified by saving some priority state though)
For bundle retransmissions (repetitions): UE should not pre-empt (part) of a bundle when it is not needed. For instance, a new transmission with equal priority shall not pre-empt a bundle transmission of same priority.
This was specified for V2X in LTE, it cannot be let to implementation.
We see also possible cases to let a bundle finish to avoid wasting resources, see [20].

	Panasonic
	Option 1
	

	Sharp
	Option 1
	

	CMCC
	Option 1
	Same rule can be applied to both new transmission and re-transmission.

	Convida
	Option 1
	We prefer a common solution as for new transmission conflicts

	Fujitsu
	Option 1
	


Summary of replies for Q5c
Option 1: 19 companies
Option 2: 1 companies
Option 3: 4 companies
Majority companies support option1, they think a common prioritization rule should be applied for new transmission and re-transmission for consistency i.e. UE can save the priority that was initially associated with HARQ process for the new transmission. HARQ process state priority can be reused when MAC determines a resource conflict between the grant for the re-transmitted TB and another UL grant. One company think UE shall rely on a gNB-assisted priority level for the two resources in conflict. Two companies think for DG, option 1 is agreeable, but it is not necessary to capture associating the HARQ process with a priority to in the specification.
Proposal 8: The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
In email discussion 106#56, there is a discussion related to how the recovery of MAC PDU impacted by a SR transmission could be done in Question4. We think it is also worthy to discuss it in this sub-session. 
· Question 5d:    If PUSCH transmission associated with a MAC PDU is impacted (e.g. pre-empted, punctured) due to an overlapping SR transmission, how should the impacted PDU be recovered? Could the MAC PDU recovery rule in grant prioritization be reused or additional rule is needed for PUSCH vs SR transmission?
	Company
	Comments

	LG
	The MAC PDU recovery rule in grant prioritization could be reused. Any additional rule is not needed.

	Qualcomm
	Same view as LG

	Nokia 
	The same rule should be applied.

	CATT
	Reuse. We should have a unified approach for both cases.

	Ericsson
	We prefer reusing the same rule to recover MAC PDU. 
For dynamic grant, gNB transmitted dynamic DCI previously and hence gNB is aware that there was transmission on that dynamic grant and there is no need for explicit spec enhancement, the similar as data versus data periodization case. 
For configured grant, in the case of PUSCH-PUSCH multiplexing, the assumption in RAN2 is that the PUSCH transmission attempt on configured grant might not be detected at gNB. There might be differences between PUCCH-PUSCH and PUSCH-PUSCH multiplexing/puncturing schemes, which is up-to RAN1 to discuss. But from RAN2 point of view, we can also for sure foresee that there can be some cases that PUSCH transmission attempt on configured grant is not detected at gNB in the case of PUCCH-PUSCH multiplexing. Therefore, at this moment we think there is no need for specific discussion in SR-PUSCH context unless further inputs from RAN1. 

	MediaTek
	The same recovery rule for grant prioritisation should be reused.

	vivo
	We prefer to reuse the same rule.

	DOCOMO
	Same rule should be applied.

	InterDigital
	A common behaviour for handling the deprioritized PDU is preferred.

	ITRI
	We prefer reusing the same rule for both cases. 

	Huawei
	A common rule for both cases.

	ZTE
	Reuse the same rule

	Lenovo
	Same rule should be used

	SONY
	No additional rule is needed, HARQ retransmission can be relied on.

	III
	Same rule can be reused. 

	Apple
	The same rule should be applied. 

	OPPO
	Same rule is preferred.

	Samsung
	Same rule is preferred.

	Intel
	We prefer to reuse the same rule.

	Sequans
	Common behavior

	Panasonic
	A common rule should be applied.

	Sharp
	The MAC PDU recovery rule in grant prioritization could be reused.

	CMCC
	The same rule should be applied.

	Convida
	Same rule

	Fujitsu
	The same rule should be applied.


Summary of replies for Q5d
All the companies agree that for PUSCH vs SR conflict, the MAC PDU recovery rule in grant prioritization could be reused
Proposal 9: RAN2 agree the MAC PDU recovery rule in grant prioritization could be reused for PUSCH vs SR conflict. 
2.6 Equal priority 
In [13] [16] [22], it discussed that based on the comparison of priority of the highest priority LCH in each PUSCH, if the highest priorities of the two grants are equal, what should be the desirable behaviour for UE.
· Question 6a:	If highest priorities of two conflicting grants are equal by performing MAC prioritization based on comparing LCH priority, which of the following option is preferred?
· Option1: an additional rule needs to be defined
· Option2: leave it to UE implementation
	Company
	Preferred Options
	Comments

	LG
	Option 2
	

	Qualcomm
	Option 1
	This question assumes than LCH prioritization is used. A tie can happen with option 3 of question 1a and 1b also. Such tie-breaking rules can be based on Rel-15 behaviour as explained in answer to question 6b.

	Nokia
	Option 1
	In general, in the case of same priority, the PUSCH with earlier starting time should be prioritized, as we don’t want to interrupt the transmission is already on-going. 

	CATT
	Option 1
	This whole topic is being designed in support of TSN traffic for IIoT. 802.1Q supports 8 priority levels that 5GS should also map onto 8 priority levels for fair QoS serving. Then, equal priority handling will not be a marginal case. Therefore leaving it to UE implementation, resulting in unpredictable behaviours, is not reasonable for TSN.

	Ericsson
	Option2
	Since the highest priorities of two conflicting grants are equal, from gNB/UE point of view the data on these two grants are equally important. We have not specified anything in any previous releases (i.e., leave it to UE implementation), and we do not see any reasons to specify it either in this release. 

	MediaTek
	Option 1
	If the conflict is between two dynamic grants, the latest DCI from the NW should be preferred.
If the conflict is between configured and dynamic grants, the dynamic grant from the NW should be preferred.
If the conflict is between configured grants with the same start time, the larger grant should be preferred. In case the start times do not align, we agree with Nokia that the earlier PUSCH should be prioritised to avoid missing the transmission window.

	vivo
	Option1
	When the highest priorities of two conflicting grants are equal, some other mechanisms are needed to ensure the UL grant for PDU which is more important is prioritized.

	DOCOMO
	Option1
	We think additional tie-breaking rule is needed. 

	InterDigital
	R15 for DG-CG
Opt.2 for CG-CG
	For DG-CG conflicts, when grants have the same priority, DG is prioritized as in R15 (no change).
For CG-CG conflicts, when grants have the same priority, it can be left up to UE implementation.

	ITRI
	Option 2
	Share the same view with Ericsson. We do not see a strong need to specify it. 

	Huawei
	Option 1
	Should be considered by RAN1 by taking into account whether there is another transmission associated with this MAC PDU.

	ZTE
	Option 2
	

	Lenovo
	Option 2
	Same view as Ericsson

	SONY
	Option1
	An additional rule needs to be defined, e.g. Grant with short duration or MCS-C-RNTI or later grant can have a higher priority.

	III
	R15 for DG-CG
Opt.2 for CG-CG
	We support Ericsson and InterDigital’s proposal. 

	Apple
	Option 2
	Same view as Ericsson. 

	OPPO
	Option 1
	

	Samsung
	R15 for DG-CG
Opt.2 for CG-CG
	For DG-CG conflicts, DG is always prioritized. We can keep the principle.
For CG-CG conflicts, when grants have the same priority, it means that they are equally important. We can leave it to UE implementation instead of additional rule.

	Intel
	Option 2
	Given that there won’t be much difference from QoS requirement’s perspective in case of equal priority, we think leaving it to UE implementation is sufficient.

	Sequans
	Option 1
	Considering the case of e.g. 2 bundle transmissions (repetitions), if left to implementation, UEs might pre-empt first bundle to transmit second bundle which is inefficient and not in line of e.g. LTE V2X behaviour.

	Panasonic
	Option 2
	It is up to UE implementation.

	Sharp
	Option 2
	

	CMCC
	Option2
		leave it to UE implementation

	Fujitsu
	
	According to our answer to Q1a, we prefer both option 1 and option 2. How to handle the issue of two grants with same priority may depend on the timing relationship between these two grants.
If both of these grants are processed at MAC, how to choose could be UE implementation.
If the PDU of one of these grants has already been delivered to PHY and the other one is processed at MAC, the former one should be protected to avoid unnecessary resource waste in both PHY and MAC.


Summary of replies for Q6a
Option 1: 10 companies
Option 2: 13 companies
10 companies think additional rule needs to be defined if highest priorities of two conflicting grants are equal. Some companies think equal priority handling will not be a marginal case, it should be carefully defined. However, 13 companies think it can be left to UE implementation. Since there is no consensus for this issue, we propose as following:
Proposal 10:RAN2 further discuss if any additional rule needs to be defined if highest priorities of two conflicting grants are equal.

· Question 6b:	If the answer of Q 6a is option1, which of the following information from uplink grant can be used for MAC to do prioritization of the collided grants:
· Option1: the second/next highest priority of the data to be transmitted
· Option2: the uplink grant size
· Option3: the PUSCH duration
· Option4: the MCS (e.g. MCS-C-RNTI or MCS-level)
· Option5: other (please elaborate in comments)
	Company
	Preferred Options
	Comments

	Qualcomm
	Option 5
	For CG vs DG, use Rel-15 behaviour (ie, DG wins).
For CG vs CG, should be simple and deterministic.

	Nokia 
	Option 5
	There is no need to overcomplicate the solution with things mentioned in options 1-4. As discussed in Question 6a, we can simply determine by which PUSCH has earlier starting time. 

	CATT
	Options 3/4
	We believe that, compared to Rel-15, one of the goals of Rel-16 IIoT is to properly serve co-existing URLLC services. Table 5.2-1 of TS22.104 provides a list of performance requirements associated with various periodic deterministic communication services. Some may co-exist for a given application e.g. Motion Control. Compared to other less stringent services coexisting in the UE (eMBB, periodic reports, etc) they are expected to be mapped onto a high(est) priority of the 8 levels of 802.1Q. However there are significant variations in both their reliability (service availability) and latency (transfer interval) requirements. As a result when two grants with equal priority have colliding allocations, the grant carrying the LCH with tightest PUSCH duration and/or MCS mapping restriction(s) should be prioritized.

	MediaTek
	Options 2 and 5
	If the conflict is between two dynamic grants, the latest DCI from the NW should be preferred.
If the conflict is between configured and dynamic grants, the dynamic grant from the NW should be preferred.
If the conflict is between configured grants with the same start time, the larger grant should be preferred. In case the start times do not align, we agree with Nokia that the earlier PUSCH should be prioritised to avoid missing the transmission window.

	vivo
	Option1,2,3,4
	From our understanding, option1~4 have its own benefits, and they are not mutually exclusive with each other. Option 1 can allow higher priority data to be transmitted. Option 2 can allow more data to be transmitted. Option 3 can reduce the transmission latency. Option 4 can provide more reliable transmission. For example, when the PUSCH is scheduled by a PDCCH with CRC scrambled by MCS-C-RNTI, it can be declared that the PUSCH is granted to the URLLC traffic. When mcs-Table in configuredGrantConfig is set to 'qam64LowSE' and the PUSCH is transmitted with configured grant, it can be declared that the configured grant is allocated to the URLLC traffic. However considering the UE complexity, we are not expecting RAN2 to consider all this aspects for the further prioritization in the MAC.

	DOCOMO
	Option5
	For CG vs DG, same as Rel.15 that DG should be prioritized. 
For CG vs CG, the transmission starts earlier in time should be prioritized. In other words: an ongoing UL CG transmission should not be interrupted by another UL CG having a new data arriving. 

	Huawei
	Option 5
	Up to RAN1

	SONY
	Option3 or 4
	Grant with short duration or MCS-C-RNTI or later grant can have a higher priority.

	OPPO
	Option 5
	For CG vs DG, follow R15 rule (i.e., prioritize DG).
For CG vs CG, choose a simple way.

	Samsung
	Option 5
	For DG-CG conflicts, DG is always prioritized. We can keep the Rel-15 principle.

	Sequans
	Option 5
	In case the retransmission is from a bundle (repetitions), it should not be pre-empted by new data and should have priority (at least for CG-CG).


Summary of replies for Q6b
Majority companies think for CG vs DG, if the priorities are equal, DG should be prioritized. For CG vs CG, no consensus is reached, but most of companies think a simple way should be chosen. We suggest further discussing this issue after we draw a conclusion for Q6a. 

2.7 PUSCH vs UCI prioritization   
In RAN1 #97 meeting, following working assumption was made regarding the SR v.s. PUSCH collisions. 
Working assumption:
Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

The remaining key issues in MAC layer regarding the collision handling between the SR and PUSCH is covered by Email discussion [106#56]. Meanwhile it is noted that an Email discussion [97-NR-05] in RAN1 is on-going. To be more efficient, in this email discussion, it is suggested RAN2 to focus on the interaction between PHY and MAC for handling the collision between PUSCH and UCI, e.g. the HARQ-ACK v.s. PUSCH. Regarding the detailed UE behaviour on PSUCH vs UCI (HARQ-Ack, CSI) e.g. dropping, puncturing, multiplexing, the discussion should be mainly done in RAN1.  
· Question 7a:	Do companies agree that the collisions between high priority HARQ-ACK and low priority PUSCH, between low priority HARQ-ACK and high priority PUSCH should be mainly handled in physical layer? 
	Company
	 Yes/No
	Comments

	LG
	Yes
	However, we are not sure any prioritization is possible in this case. For DL LCH, the LCH priority is not provided. Thus, the UE cannot know the priority of the DL traffic included in a received MAC PDU and, as a result, the UE cannot know the priority of the corresponding HARQ feedback either.

	Qualcomm
	Yes
	While this should be mainly handled in PHY (by RAN1), solutions to PUSCH vs UCI collision has implications to grant/PUSCH prioritization solutions being evaluated by RAN2.
For instance, this is relevant for RAN2 proposals requiring de-prioritizing a grant for which a PDU has already been delivered to PHY (and PUSCH processing or transmission has already started). Such de-prioritization impacts any UCI multiplexed in the PUSCH and impacts are more significant if the UCI is for URLLC. 
Given the above, we have suggested a question in our answer to question 7c.

	Nokia
	Yes, but..
	This should be addressed by RAN1. 
However, before MAC decides to generate a PDU for a prioritized configured grant, it may check with PHY whether high-priority UCI has been multiplexed into the overlapping transmission. This avoids unnecessary PDU generation. Alternatively, PHY could provide such information proactively to MAC whenever UCI is multiplexed into a PUSCH.

	CATT
	Yes
	So far RAN1 has only agreed that multiple PUCCH with HARQ-ACKs in a slot is supported with an indication to determine each HARQ-ACK codebook (see RAN1 extract brought up by Qualcomm in Q7b). No discussions have been held yet if this is extended to prioritize HARQ-ACKs wrt other UL channels. We should definitely avoid anticipating anything in RAN2.

	Ericsson
	Yes
	As stated in the answer to Question7b, the priority of HARQ-ACK is better known at PHY. The collision handlings such as dropping, puncturing, multiplexing is within RAN1 scope and should be handled in physical layer. 

	MediaTek
	Yes, but…
	The more important question is whether there is a need to define priority for HARQ feedback.
In case of overlap between a dynamic grant and HARQ feedback, the NW has made the choice to multiplex HARQ with the UL grant, so no prioritisation is needed.
In case of overlap between a configured grant and HARQ feedback, the NW can choose to wait for the delayed feedback, or pre-emptively retransmit DL data if the HARQ feedback delay is unacceptable. There is little to gain by prioritising HARQ feedback over the configured grant.

	vivo
	Yes
	This should be discussed by RAN1.

	DOCOMO
	Yes
	The HARQ-ACK priority should be known in PHY, and the collision should be handled by RAN1.

	InterDigital
	Yes
	Handling conflicts between HARQ ACK and PUSCH is within RAN1’s scope.

	ITRI
	Yes
	HARQ-ACK is better known at PHY and we prefer that PHY makes the prioritization. 

	Huawei
	Yes
	

	ZTE
	Yes
	

	Lenovo
	Yes
	

	SONY
	Yes.
	Instead of dropping PUSCH unnecessarily, PUSCH reliability can be improved (i.e. changing MCS table).

	III
	Yes
	Since RAN1 is discussing how to provide priority information for HARQ-ACK, we think HARQ-ACK and PUSCH prioritization can be determined by the priority information and should be handled by RAN1. 

	Apple
	Yes
	

	OPPO
	Yes
	It should be handled by RAN1.

	Samsung
	Yes
	RAN1 issue

	Intel
	Yes
	This should be handled by RAN1.

	Sequans
	Yes
	

	Panasonic
	Yes
	For HARQ-ACK, by successful decoding of PDSCH, logical channel can be known to MAC and this information can be used for the priority of ACK. On the other hand, this does not indicate the priority in the case of NACK. In addition, processing time is the issue if decoding MAC is required. Therefore, HARQ-ACK priority should be determined by PHY.

	Sharp
	Yes
	

	CMCC
	Yes
	This is up to RAN1’s decision.

	Convida
	Yes
	Leave it to RAN1

	Fujitsu
	Yes
	This is the RAN1 issue. 


Summary of replies for Q7a
Yes: 25 companies
No: 0 companies
All companies think the collision between PUSCH and HARQ-ACK should be mainly handled in PHY by RAN1.

· Question 7b:	How PHY layer knows the priority of the HARQ-ACK? Should RAN1 or RAN2 decide?
	Company
	Comments

	LG
	The UE cannot know the priority of the corresponding HARQ feedback.

	Qualcomm
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Up to RAN1 to decide and a related RAN1 agreement is copied below. RAN1 may need a downlink priority indication based on PDCCH to determine priority of HARQ-ACK, since determining priority based on PDU inspection will be too slow for URLLC. 
	When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
· FFS: For SPS PDSCH (including SPS release PDCCH)





	Nokia
	This is up to RAN1 to decide.

	CATT
	It should be first decided if HARQ-ACK prioritization is needed versus other UL channels.

	Ericsson
	The only potential benefit that MAC can help in deciding the priority of the HARQ-ACK is to check the contents in the MAC PDU, such as the LCH priority in the MAC PDU. However, this relies on that the MAC PDU must be successfully decoded the MAC PDU and this is not a realistic assumption. 
Therefore, we propose to indicate to RAN1 that MAC cannot help (as argued in the first paragraph) and thus it is up-to RAN1 to decide how PHY layer knows the priority, for example, through dynamic assignment priority indicator in DCI. 

	MediaTek
	If HARQ priority is required, then it should left to RAN1 to discuss how HARQ feedback can be classified as high or low priority.

	vivo
	It can be left to RAN1. We think the priority of HARQ feedback may be indicated by DCI, since determining priority based on PDU inspection cannot work in case the PDU cannot be decoded successfully (i.e. NACK). 

	DOCOMO
	It is up to RAN1 to decide the priority of HARQ-ACK.

	InterDigital
	Up to RAN1 to decide

	ITRI
	This is up to RAN1 to decide.

	Huawei
	To be decided by RAN1

	ZTE
	It shall be left to RAN1 to discuss

	Lenovo
	Decision is up to RAN1

	SONY
	It is upto RAN1 and could be known implicitly, for example shorter sub-slot based PUCCH has a higher priority

	III
	We can wait for RAN1’s agreements. 

	Apple
	It’s up to RAN1 to decide. 

	OPPO
	Up to RAN1 to decide.

	Samsung
	Up to RAN1. Agree with vivo.

	Intel
	This is up to RAN1.

	Sequans
	Up to RAN1

	Panasonic
	RAN should decide.

	Sharp
	It’s up to RAN1.

	CMCC
	This is up to RAN1’s decision.

	Convida
	Leave it to RAN1

	Fujitsu
	Up to RAN1


Summary of replies for Q7b
All companies think the priority of the HARQ-ACK should be decided by RAN1.

· Question 7c:	Any other questions related to interactions between PHY and MAC for prioritization between PUSCH and UCI?
	Company
	Comments

	LG
	We think the prioritization between PUSCH and UCI is not possible due to the reason stated in Question 7a.

	Qualcomm 
	Should grant/PUSCH prioritization solutions avoid de-prioritization of a PUSCH carrying high priority UCI?

	Nokia
	To avoid unnecessary PDU generation, MAC can ask PHY for information relating to UCI multiplexed in the overlapping PUSCH. If the overlapping PUSCH comprises UCI for LCHs with even higher priority, then MAC may refrain from generating the PDU. Alternatively, PHY could provide information about the decision of multiplex UCI on a certain PUSCH proactively to MAC (i.e. whenever this happens), so that it can be considered during prioritization in MAC.

	CATT
	We agree with Nokia that UCI prioritization/multiplexing rules in PHY can be visible to MAC (which can be captured in stage 3 by MAC referencing to the relevant PHY section(s)), which MAC can take into account in its prioritization. But let RAN1 first decide on those rules and their related timelines. 

	MediaTek
	We think that prioritisation of all UL transmissions should be done in MAC. 
UL data should always be prioritised over HARQ/CSI as delays to DL HARQ feedback or CSI do not affect URLLC requirements. Prioritisation between UL data and SR should be done at MAC following LCH priorities.

	III
	We have similar view with Nokia. The transmission status, such as multiplexing indication, PUSCH stop/cancellation/pre-emption indication, or de-prioritized PUSCH indication, could be indicated to MAC for next prioritization determination.    


Summary of replies for Q7c
Some companies think PHY could provide priority information related to UCI multiplexed in PUSCH to assist MAC to avoid unnecessarily generating PDU. One company raised question if grant/PUSCH prioritization should avoid de-prioritization of a PUSCH carrying high priority UCI. We suggest let RAN1 to decide the PUSCH vs UCI prioritization rule first and RAN2 could consult with RAN1 if necessary. 

2.8 Other issues   
Question 8:	If there are any other essential issues need to be discussed but are not covered in the questions above, please add in the following:
	Company
	Other issue

	Nokia
	One thing that should be clarified is “whether MAC generates PDU for every grant” – we think this is a decoupled issue from the MAC/PHY prioritization.
In our opinions, prioritization should be determined by MAC, but for PDU generation, we should have the following rules:
· For Dynamic grants (DG), MAC PDU is always generated and stored in the HARQ buffer even if it is de-prioritized, so gNB can send re-transmission grant to recover the data without ambiguity.
· For Configured grants (CG), MAC PUD is generated only if it is prioritized (and PHY is able to transmit it properly), so that the issue of CG related data being stuck in the HARQ buffer (and delayed unnecessarily) can be avoided.

	Sequans
	As indicated earlier: we think the questions related to 5b/c/d should not be related to “Recover the de-prioritized MAC PDU”.
They should be related to any retransmissions vs new transmission.
Moreover, configured retransmissions (bundle repetitions) should be considered as well, with LTE as baseline.

	
	


Summary of replies for Q8
One company would like to clarify whether MAC generate PDU for every grant, they think for DG, MAC PDU should be always generated and for CG, MAC PDU is generated only if it is prioritized so that to avoid the CG data being stuck in the HARQ buffer. We suggest discussing this issue with Q1a together. One company raised issue when considering prioritization between a retransmission and a new transmission, retransmission (bundle repetition) should also be taken into account. We suggest discussing this issue in Q5b/c.
3. Summary 
Base on the companies’ views for each question, we propose as following:
Proposal 1: Regarding PUSCH grant prioritization, RAN2 to discuss whether a unified solution is needed for the two cases as below: 
· Case1: there is sufficient processing time for MAC to do prioritization i.e. only one PDU is generated by MAC
· Case2: there is no sufficient processing time for MAC to do prioritization i.e. first MAC PDU has already been generated and delivered to PHY and another higher priority MAC PDU should be transmitted. (two PDUs are generated by MAC)

Proposal 2: Based on the clarified definition of option5, RAN2 discuss whether solution option5 could solve both case1 and case2 prioritization problem. 
· Option5: MAC starts to process the MAC PDU of the earlier grant, and later process the second grant and deliver the MAC PDU to PHY. So PHY implicitly considers the last delivered PDU takes priority. 

Proposal 3: Based on pros and cons analysis, RAN2 down-select one solution (MAC or PHY solution) for data vs data prioritization.
	
	Pros
	Cons

	MAC solution
	· It complies with MAC LCP rule in Rel-15.
· For low-priority CG data, MAC PDU is not necessarily generated, no issue that CG will be stuck in the HARQ buffer. 
	

	PHY solution
	· It is simple since PUSCH vs PUSCH, PUSCH vs UCI prioritization rule could be unified in PHY
· Anyway priority information is needed sending from MAC to PHY to assist PHY do PUSCH vs UCI prioritization. This priority information can be unified for PUSCH vs PUSCH, PUSCH vs UCI prioritization.
	· For CG deprioritized PDU, network may have no idea of the deprioritized data in UE side, retransmission grant needs to be signalled by network or autonomous re-transmission needs to be enhanced. Also, the stored de-prioritized data in the HARQ buffer may possibly be flushed by MAC.




Proposal 4: RAN2 to agree to take a same prioritization solution for CG vs CG conflict and CG vs DG conflict.
Proposal 5: RAN2 to further discuss and decide the solutions for enhancing LCP restriction listed as following: 
Option1: 	indicate whether the grant is for high-priority or low-priority traffic by MCS value or MCS-C-RNTI
Option2:  A new indication (allowedOnReliableGrant or allowedOnUnReliableGrant) is defined to identify the LCHs are allowed for transmission using a given grant
Option3:  Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
Proposal 6: RAN2 further discuss if assistance information is needed providing from MAC to PHY to assist PHY do UL grants prioritization. 
Proposal 6a: If proposal 6 is agreed, RAN2 to further discuss and decide the contents of the assistance information sent from MAC to PHY as following:
Option1: the highest priority of data multiplexed in the MAC PDU
Option2: the highest LCH priority in a MAC PDU
Option3: the priority of the MAC PDU/PUSCH
Proposal 7: RAN2 agree there is no need to define UE processing time in MAC. 
Proposal 8: The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
Proposal 9: RAN2 to agree the MAC PDU recovery rule in grant prioritization could be reused for PUSCH vs SR conflict. 
Proposal 10:RAN2 to further discuss if any additional rule needs to be defined if highest priorities of two conflicting grants are equal.
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