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1
Introduction
This document is the report of the following email discussion:

· [POST113bis-e][505][R17 IIoT]  URLLC in UCE (LG)

Scope: 

· Discuss remaining open issues related to URLLC in UCE based on inputs submitted to 8.5.3.

· Agreeable Proposals


Deadline: same as submission deadline

Note that the INACTIVE period is 28/April – 5/May. 
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Prioritization of retransmission over initial transmission

In RAN2#113 e-mail discussion 505 [R2-2102087], it was discussed whether to prioritize retransmission over initial transmission on a CG by taking the LCH priority into account if cg-RetransmissionTimer and lch-basedPrioritization are configured, which was left as FFS:

4. FFS With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed


Despite of support from majority companies (17/22) to prioritize between initial transmission and retransmission by taking LCH priority into account, it was left as FFS due to different understanding of the problematic cases and/or specification impact.

Case1:  Between different but overlapping CG configurations

Case1 is that autonomous retransmission due to LBT failure on a CG (blue box) collies with an initial transmission of higher priority data on different but overlapping CG (green box). In [8], it is proposed to prioritize the initial transmission of higher priority data (green box) in this case. In the meanwhile, in [2][9], it is explained that prioritizing the initial transmission of higher priority data for different but overlapping CGs is already supported by intra-UE prioritization.
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Figure 1. Case1 when low priority data is mapped to CG1 while high priority data is mapped to CG2
Question 1: (1) Do companies agree that, for overlapping CGs, the MAC entity should prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data? If Yes, (2) do companies agree that it is already supported?

	Company
	(1) Yes/No
	(2) If yes, do companies agree that it is already supported?
	Comment

	Ericsson
	Yes
	Yes
	A more general statement is that “for overlapping CGs, the MAC entity shall prioritize the CG with a higher priority data, regardless if it is an initial transmission or a retransmission. “

As was discussed in the Rel-16 IIoT correction, one should read the MAC spec sequentially in each subclause. The procedure text, “The UE shall prioritize retransmissions before initial transmissions.”, applies for each individual configured grant. To sum up, the grant prioritization between overlapping grants is after the prioritization within one CG. 

	CATT
	Yes
	No
	Rapporteur may have misinterpreted our understanding in [2] but in short, we think the answer to (2) is yes only when the autonomous retransmission is performed on the same configured grant configuration, as illustrated in Figure 1. But unlike Ericsson, we think it is not clear at all that the statement “The UE shall prioritize retransmissions before initial transmissions” only applies to retransmissions on the same configured grant configuration. Indeed, considering HARQ sharing where NR-U protocol allows autonomous retransmission to be performed on different configured grant configurations, this sentence can (and should) also be understood as a prioritization rule across configured grant configurations. So our understanding is that there is no ambiguity between the prioritization rule from NR-U and that from the lch-based prioritization when HARQ process sharing does not apply, but there is ambiguity when it applies. 

	LG
	Yes
	Yes
	Our understanding is that, when there is a CG occasion, the MAC first sets the HARQ process ID to the CG. Even in case of overlapped CGs, the MAC first sets the HARQ process ID to each CG. When the MAC entity sets the HARQ process ID, if the MAC by itself selects one HARQ process ID, the specification says the UE shall prioritize retx before initial tx. After setting the HARQ process ID by prioritizing retx over initial tx, the MAC performs the priority comparison between two overlapping CGs. It seems very clear if one read the specification in order. 

Regarding the case where HARQ is shared and autonomous transmission is performed on a CG of different CG configuration (CATT’s concern above):

· Actually, the statement “For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. [..omitted..].” does not mention anything about single CG or different CG. This paragraph addresses the case where the UE implementation selects an HARQ process ID, i.e., the case where HARQ sharing is used.

Therefore, even if autonomous transmission is performed on a different CG when HARQ sharing is configured, the above statement implies that the MAC prioritizes retransmission over initial transmission.

	vivo
	Yes
	Yes
	Our understanding of Rel-16 mechanism is there are two steps.

· Step1: when a CG configuration is configured with CGRT and associated with more than one HARQ process, the UE should select the HARQ process ID by implementation for each CG occasion that belongs to the CG configuration. During the HARQ process selection including the HARQ processes that shared by multiple CGs with similar QoS, the UE shall prioritize retransmissions before initial transmissions. In this step, the priority of LCH is not considered.

· Step2:  If the duration of multiple CG resources in one BWP are overlapping, the CG resource with the highest priority is selected for transmission. The priority of one CG resource is determined by the highest priority of LCHs to be transmitted with the CG resource.

	Lenovo
	Yes
	No
	We have the same understanding as CATT, that the UE behaviour is not clear for cases when HARQ process sharing is applied. The procedural text “The UE shall prioritize retransmissions before initial transmissions” is to be understood as some prioritization behaviour among HARQ processes, i.e. HARQ process carrying the pending retransmission is prioritized over another HARQ process where new data would be transmitted. Since NR-U supports HARQ process sharing, a HARQ process carrying a pending retransmission can be mapped to multiple CG configurations. In general it should be avoided that high priority data (URLLC) is delayed by some pending low priority autonomous retransmission data if both HARQ processes, i.e. HARQ process carrying the autonomous retransmission and HARQ process carrying new data in the buffer are using the same CG configuration. 

	Samsung
	Yes
	Yes
	When LCH-basedPrioritization is configured, prioritization among overlapping CGs is based on LCH priority. It does not consider any CG prioritization, at least for Rel-16 IIOT discussion.

We remember “The UE shall prioritize retransmissions before initial transmissions” for internal CG configurations. After RAN2 agreed this, we introduced multiple CG configurations. Therefore, it is not about CG overlapping case.

According to two understandings above, the following NOTE 7 specifies cases LCH-basedPrioritization is not configured, which includes the CG overlapping in NR-U: 

NOTE 7:
If the MAC entity is not configured with lch-basedPrioritization and if there is overlapping PUSCH duration of at least two configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants.

	Huawei, HiSilicon
	Yes
	Yes
	We think in NR Rel-16, for overlapping uplink grants, the intra-UE prioritization will be performed to prioritize the grant for transmission with higher LCH priority. However, for a configured grant configured with cg-RetransmissionTimer, when determining the HARQ process associated with each configured grant, the rule that retransmission is prioritized over new transmission applies. 

According to section 5.4.1 of MAC spec (which should be interpreted in  sequential order), for overlapping configured grants, the UE shall first determine the HARQ process associated with each configured grant, and then determine the priority for each configured grant.

	MediaTek
	Yes
	No
	We think that in principle, prioritization should cover both initial transmission and retransmission cases, as Ericsson has indicated.

The text in TS 38.321 “The UE shall prioritize retransmissions before initial transmissions” should be clarified to align with this principle, e.g. “The UE shall prioritize retransmissions before initial transmissions if lch-based prioritization is not configured”.

	Qualcomm
	Yes
	No
	When the CG re-tx timer is configured, it is up to UE implementation to perform HARQ ID selection. In the figure above, it does not technically matter how the UE selects the specific HARQ ID allocation to CGOs, the spec rule “The UE shall prioritize retransmissions before initial transmissions” mandates that the UE prioritizes retransmissions over transmissions. The retransmission can be carried over CG1 or CG2 as long as LCP restrictions allow it. Recall that the UE can choose to alternatively allocate HARQ ID X to CG2 and HARQ ID Y to CG1. The behaviour should stay consistent by prioritizing retransmission. Thus, we agree with CATT that the rule should apply across CG configurations.

	Intel
	Yes
	Yes
	Prioritization between overlapping grant is based on LCH priority, regardless of whether the grant is initial transmission or retransmission. This was discussed in Rel-16 and was agreed in RAN2#107 meeting: “The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.” 

The principle was reflected in TS 38.321 as “For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2.”

	III
	Yes
	Yes
	If the LCH-basedPrioritization is configured, it is no problem to support the MAC entity prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data, and we share the same view as Ericsson.

	ZTE
	Yes? for hypothesis 1
;
Yes for Hypothesis 2
	No for hypothesis 1;
Yes for Hypothesis 2
	To our understanding, we are not sure whether this scenario is a problematic scenario, we would like to answer this question on different prerequisites:

· Hypothesis 1: CG1 and CG2 is configured with the same TB size and they share a cluster of the HARQ processes

· Hypothesis 2: Otherwise
If Hypothesis 2 is standing up, which means the TB from CG#1 cannot use CG2 resources to perform the autonomous retransmission, the ambiguities not exists, and the intra-UE multiplexing would be performed after the HARQ process selection procedure and CG2 will be prioritized, current specification is crystal clear.
If Hypothesis 1 is standing up, we are not sure UE behavior since UE can select either CG#1 or CG#2 as the autonomous retransmission resources which may rely on the UE implementation.(i.e the earlier UL grant maybe used for autonomous retransmission), therefore, we cannot decide how UE to do at least for now, we just say Yes? for the first question since CG2 may be used for autonomous retransmission and CG1 may carry the TB with the same or higher priority than CG2, and say NO for the second question since the specification won’t capture the detail time line for UL grant process procedure. 


	OPPO
	Yes
	Yes
	Per R16 IIoT discussion, LCH-based prioritization is applied for the grant selection among overlapping grants, no matter the grant is for a new transmission or a retransmission. Per NR-U discussion, the rule “The UE shall prioritize retransmissions before initial transmissions” applies to HARQ process selection for a specific CG. The intentions are now well reflected in MAC spec, if one reads the MAC spec sequentially in each subclause.

	TCL
	Yes
	Yes
	In our understanding, the intra-UE prioritization shall be based on the LCH priority for the overlapping CGs when the LCH-basedPrioritization is configured in NR Rel-16 regardless of initial transmission or retransmission. In this case, the CG prioritization is not take into account. 

For the case the cg-RetransmissionTimer is configured for the CG, the retransmission is prioritized over the new transmission. As is mentioned by HW, for the overlapping CGs, the UE shall first determine the HARQ process and then determine the priority for the configured grant. 

	Nokia, NSB
	Yes
	Yes
	 This is the issue that should be resolved via LCH-based prioritization introduced in Rel-16: For two or more grants with overlapping PUSCH, the grant corresponding to the highest LCH priority should be selected, regardless of initial transmission or retransmission.


Case2: Within a singles CG configuration

Case2 is that, for a single CG configuration, an uplink data arrives and its priority is higher than that of a MAC PDU waiting for autonomous retransmission. 
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It is proposed, in [1][3][5][12][14][15][17], that an initial transmission of higher priority data should be prioritized over autonomous retransmission of lower priority data. It is concerned that lower priority data delays higher priority data while they are assigned to the same CG configuration.

It is argued in [6][9][13][16] that the network would not assign logical channels having different QoS to the same CG configuration, hence intra-UE prioritization within the single CG configuration is considered as a unnecessary optimization. Also, it is pointed out in [2] that, even for Rel-16 IIOT, the MAC entity transmits lower priority of deprioritized data on the next available CG with the same HARQ process regardless of whether higher priority of new data arrives or not. It is concerned in [9] that prioritizing initial transmission or autonomous retransmission within the same CG configuration confuses the network regarding proper configuration configuredGrantTimer and cg-RetransmissionTimer. In addition, [9] raises an issue that lower priority data may be a MAC PDU containing only MAC CE(s) and loss of such data is not desirable because it can be recovered neither by the UE nor by the network. Similarly, in [3], it is further proposed not to prioritize if the transmission is for a UCI-only MAC PDU.

Question 2: Do companies agree that, within a single CG configuration, the MAC entity should be able to prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data? 

	Company
	Agree

/Disgaree
	Comment



	Ericsson
	Disagree
	We understand it might be useful to prioritize between high and low priority data, but we don’t see the need for this spec enhancement, since the intended behaviour is already supported by Rel-16 IIoT features with a proper network configuration, i.e., the network configures multiple CGs and configures LCP restrictions with allowedCG-List so that only URLLC traffic can be transmitted on some CGs. 

In addition to specifying an already supported feature, the concern is that this seemingly simple extension may lead to further discussion and specification complexity, as email discussion rapporteur summarized above. 

We have noticed some arguments in the submitted papers against our position but identified issues can be solved by configuring multiple CGs (and each CG is configured with uplink skipping) with the help of the two timers: configuredGrantTimer and cg-RetransmissionTimer. 

	CATT
	Disagree
	In R16 IIOT, an autonomous transmission due to deprioritization is performed on the next available CGO of the same CG configuration with the same HARQ process. This implies that autonomous transmission of the pending PDU has higher priority than an initial transmission regardless of whether new data for an LCH with higher priority than that of the deprioritized PDU could be sent in that CGO. We also agree with Ericsson that a proper network implementation is to configure LCHs of the same priority to one CG, especially for URLLC.

	LG
	Disagree
	The network already have a mechanism to differentiate logical channels by mapping to different CGs. 
If the network assigns multiple logical channels to a single CG, it should be understood that the network intent not to differentiate them.

	vivo
	Disagree
	Agree with the above comments that the optimization is not necessary as it can be achieved via proper network configuration. 

In addition, as mentioned in our paper [6], this optimization (within a single CG configuration, the MAC entity prioritizes the initial transmission of higher priority data over autonomous retransmission of lower priority data) may cause radio resource waste when CA is configured. Let’s take the following as an example:

At  a given time, a UE has two overlapping CGOs available in cell1 and cell2 respectively.

Meanwhile, the UE has two PDUs for transmission:  
· PDU#1(with high priority) for initial transmission, it can be transmitted in either cell1 or cell2

· PDU#2(with low priority) for re-transmission that can be transmitted only on cell1 since its initial transmission is performed on cell1.  

With CGRT configured, the MAC selects HARQ process for CGO in cell1. If the MAC entity is allowed to prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data within a single CG configuration, then the PDU#1 is prioritized. And the PDU#2 cannot be mapped to CGO in cell2 as re-transmission can only be performed on the same cell as initial transmission. If there are no other data for transmission, the CGO in cell2 has to be skipped. The wasting of resource can be avoided if the above optimization is not introduced.

	Lenovo
	Agree
	In our understanding the IIOT behaviour can’t be used as an argument, since for IIOT there is no HARQ process sharing and we have the scenario where different UL grants (CGs) are colliding. Don’t agree with [9] that low priority data is lost. UE just (re)transmits it on a later transmission occasion, i.e. CG occasion. 

	Samsung
	Disagree
	In URLLC scenarios, a CG could carry data from multiple logical channels and each CG is optimal configured for the target requirement. Those logical channels should be of similar or almost same priority and requirements. Therefore, the prioritization inside the CG is not necessary. 

	Huawei, HiSilicon
	Agree
	The rule that retransmission is prioritized over new transmission was specified in Rel-16 NRU without taking into account of high performance requirements of IIOT. If this rule is applied, each prioritized retransmission (even happens sporadically due to e.g. LBT failure) will cause a further delay for the transmission of the newly arrived IIoT traffic. For most IIoT services, occasional packet loss might be acceptable, but gradually accumulated delay will eventually violate the performance/latency requirement. From this perspective, when UE selects HARQ process for CG occasions, it is better the initial transmission could be prioritized. On the suggestion that multiple logical channels mapping to a single CG can be viewed as with the same priority, we doubt this would be always the case, considering the limitation by resource utilization and implementation complexity. 

	MediaTek
	Disagree
	Similar scenario can also happen in Rel-16 with autonomous transmissions. When autonomousTx is configured and a TB with low priority data is de-prioritized, high priority data can arrive for the same CG, but this does not cause transmitting the high priority data first (as the HARQ PID is already occupied). We understand that in UCE, the UE can select a different HARQ PID, but for us this does not justify introducing the enhancement. Proper network configuration should avoid different priority data using the same CG anyway.

	Qualcomm 
	Agree
	It does not make sense for a high priority PDU to wait for a retransmission of a low priority PDU from a utility standpoint. Since we are discussing carrying URLLC traffic, it has been the case traditionally that high priority traffic should have its latency minimized by prioritization, pre-emption, etc. Furthermore, a NW with URLLC traffic should not expect it to be delayed or not delayed depending on whether it is contending with a Tx or re-tx. This would cause a lot of variability in behaviour which is undesirable for URLLC and would actually confuse the network more than a simple “High priority traffic is always prioritized” rule. This does not preclude the network from configuring LCH restrictions to avoid this case as suggested. Agree with Lenovo on IIoT behaviour argument.

	Intel
	Agree with comment
	As analyzed in in our contribution [5] R2-2103072, The main motivation to consider LCH based prioritization for initial transmission and retransmissions in Rel-17 UCE is to minimize latency, similar to the introduction of LCH based prioritization in Rel-16 IIoT. It is reasonable to allow initial transmission of high LCH priority to be performed on available CG occasions. 

It should be noted that for the prioritization within a single CG configuration, only autonomous retransmission due to LBT failure can be deprioritized, while autonomous transmission of deprioritized MAC PDU (when autonomousTx is configured) cannot be deprioritized due to the issue that the HARQ buffer for the autonomous transmission is replaced with a new MAC PDU.

	III
	Disagree
	We think the LCP restrictions will control the data traffic and CGs mapping. Thus, we agree with Samsung that prioritization inside the CG is not necessary.

	ZTE
	Disagree
	First of all, we do not think this kind of intra-UE multiplexing prioritization is still same with the rel-16 intra-UE prioritization, it will cause a much complex mechanism for dealing with the HARQ process ID issue. For example, if an initial transmission override the auto-TX, how to deal with the TB saved in the HARQ buffer since this buffer would be used for another initial transmission.Moreover, this issue is not included in our WI scope, there is no need for us to discuss it in Rel-17.

	OPPO
	Agree
	Per NR-U discussion, the low latency requirement of IIoT traffic is not considered. If we still follow the rule “The UE shall prioritize retransmissions before initial transmissions”, we doubt IIoT requirement can not be fulfilled, especially when LBT failure frequently happens.

	TCL
	Disagree
	As is mentioned by the Ericsson, the Rel-16 IIoT has already supported it as network configuration with multiple CGs and LCP restrictions for the transmission of the URLLC traffic. Thus the prioritization within a single CG configuration is not needed.

	Nokia, NSB
	Agree
	When CGRT is configured, the HARQ PID selection for each CG is up to UE implementation, and the gNB can tell whether retransmission or initial transmission was selected by the UE based on CG-UCI. Hence, we don’t think it cause any confusion. It should be up to network implementation whether to assign logical channels having different QoS to the same CG configuration or not. So, it should not be restricted that in case the same CG configuration is used for different LCH, that LCH-based prioritization should still apply for the sake of URLLC performance. 

Besides that, as discussed in [3], even if LCH-based prioritization is not configured, we think in some cases initial transmission may prioritize over retransmission. In particular, the MAC should always deprioritize the HARQ process corresponding to a UCI-only TB even if it is a retransmission, which is generated because the previous PUSCH of which collides with a PUCCH. The UCI conveyed by the UCI-only TB may not be valid or needed anymore when CGRT is expired, and retransmission of such TB would unnecessarily waste resource and delay transmission of other data.. 


In [6][10], it is proposed not to introduce prioritization between initial transmissions and re-transmissions on the same CG configuration based on priority of multiplexed LCH(s) or LCH(s) to be multiplexed in Rel-17, i.e., leave it up to UE implementation which to prioritize. Contrary, in [4], it is proposed that network can control the selection rule for a CG, e.g. the retransmission is prioritized, or the initial transmission is prioritized, or the transmission with highest LCH priority is prioritized.

Question 3: If the MAC entity should be able to prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data for a single CG configuration, which solution do companies prefer?

· Option1. The UE always prioritizes initial transmission of higher priority data over autonomous retransmission of lower priority. 
· Option 2. It is UE implementation which transmission is to be prioritized [6][10]
· Option 3. The network configures prioritization rule, i.e., the retransmission is prioritized, or the initial transmission is prioritized, or the transmission with highest LCH priority is prioritized [4]

· Option 3a. The network configures which prioritization rule to follow, i.e., Rel-16 rule (the retransmission is always prioritized) or Rel-17 rule (the transmission with highest LCH priority is prioritized)

	 Company
	Option 1/2/3
	Comment

	Ericsson
	Option 3a
	If this were to be agreed, then, as always, there would be a need for new capability and RRC configuration parameter for NBC concerns. The argument for this enhancement is to have a deterministic UE behaviour to support prioritization between initial tx and reTx, but option 2 cannot achieve this purpose.  For option 3, we believe most of the proponent for this enhancement do not mean to prioritize always “initial tx”.  

Note the difference between option 3a and option 3 is that option 3a does not include “the initial transmission is prioritized”.  

	CATT
	None
	First, we note that if the initial transmission takes priority over the autonomous retransmission, then the pending PDU is lost which is not harmless. Second, we agree with Ericsson that non-deterministic UE behaviour should be avoided. Third we think most of the time the initial transmission and the autonomous retransmission, when occurring in the same configured grant configuration, will be of same priority. So what happens in that case with Option 1? It seems it should follow R16 lch-based prioritization, where the selection of the CG to transmit in case of conflicting CGs with equal priority is left to UE implementation. So most of the time, Option 1 and Option 2 are the same, leading to a non-deterministic UE behaviour. Finally as mentioned in [2], we never found that it was an issue that autonomous transmissions of deprioritized PDUs always take priority over initial transmission in R16 IIOT, so we don't see what’s new here that would make us change our mind. As for Options 3/3a, they solve the choice by leaving it to NW to configure which option to follow. But as long as we don’t see any reason to support Options 1 or 2, we don’t see the need to allow configuring them either. So we only support that, when occurring in the same configured grant configuration, autonomous retransmissions are prioritized over new transmissions. 

	LG
	None or 3a
	If RAN2 agree to prioritize initial tx over retx when the MAC by itself selects a HARQ process ID for a CG occasion, option 3a is preferred.
As mentioned by Ericsson and CATT, option 1 and 2 may lead un-deterministic UE behaviour which confuses network scheduling, and hence, not acceptable.

	vivo
	None or Option2
	Regarding to the issue of un-deterministic UE behaviour mentioned by the above companies, we need to notice that if RAN2 agree to prioritize initial tx of higher priority data over retx within a single CG configuration, un-deterministic UE behaviour issue always exists in CA case even option3a is selected. 
Let’s assume UE is configured to prioritize the transmission with the highest LCH priority within a single CG configuration and the example we raised in Q2.

PDU#1(with high priority) for initial transmission, it can be transmitted in either cell1 or cell2

PDU#2(with low priority) for re-transmission that can be transmitted only on cell1 since its initial transmission is performed on cell1.  

· Case1: UE A prepares data for the CGO in cell1 earlier than for CGO in cell2: UEA will map the PDU#1 to CGO in cell1 and skip the CGO in cell2. 
· Case2: UE B prepares data for the CGO in cell2 earlier than for CGO in cell1:  UE B will map the PDU#2 to CGO in cell1 and map the PDU#1 to CGO in cell2. 
As observed, even a single solution is applied, the behaviors of UE A and B are different since gNB may not be able to aware of the CG data arrival/preparation time. One may argue a clear UE will follow the case2 to avoid resource wasting. We agree this, but considering the case with more CGOs overlapping, with different mapping restriction for different CG configurations, with CGO on each cell has several new/retx PDUs waiting to transmit, we doubt whether UE can always be so clever to behave in a deterministic way.

Our preference is to keep Rel16 principle without optimization. But if RAN2 agree that within a single CG configuration, the MAC entity is able to prioritize the initial transmission over retransmission based on LCH priority, we think which transmission to prioritize can be left to UE implementation.

	Lenovo
	Option 1/Option 3 A 
	For us Option 1 would be the preference. However also Option 3A would be acceptable. For option 1 we don’t think that the autonomous retransmission would be lost. It is our understanding that the autonomous retransmission would be rather postponed to a later CGO. Basically UE considers only a configured grant occasion as available for an autonomous retransmission if there is no overlapping uplink transmission, e.g. on PUSCH, which has a higher priority. 

	Samsung
	None / 3a
	Agree with Ericsson

	Huawei, HiSilicon
	Option 3 or Option 3a
	If it is up to the network to configure prioritization rule, we see there is merit to always prioritize the initial transmission. We can accept 3a as well. 

	MediaTek
	None
	Please see our comment for Q2. We think that proper network configuration can avoid this scenario.

	Qualcomm
	Option 3A
	The rule should be “the transmission with highest LCH priority is prioritized” whether it is an initial transmission or a retransmission. This guarantees low URLLC latency through prioritization. It can be up to the network configuration whether to activate this rule or to fall-back to Rel-16 rules.

	Intel
	Option 3a
	Agree with Ericsson.

	III
	Option 3a
	We agree with Ericsson.

	ZTE
	None/Option 2
	We do not see there is any considerable gains from defining a prioritization rule for dealing with the prioritization between initial transmission and autonomous retransmission. As a network vendor, we have no idea in which scenario NW is supposed to use the priority rule and in which scenario NW is supposed to use the legacy behavior since NW cannot predict the transmission failure is occurred or not at all. The main intention to up to UE implementation is to give UE much more flexibility We also think this kind of flexibility does not impact on NW implementation at all, because no matter which way to go: prioritize the retransmission or the transmission with the higher LCH priority from UE side, NW still have no idea that data transmission is failed and MAC PDU have been generated for one CG.  

	OPPO
	Option 3a
	We share the similar view as Ericsson.

	TCL
	None or option 3a
	If it is to be agreed, option 3a is preferred. For the UE behaviour of the other options may be confused for the gNB.

	Nokia, NSB
	Option 1
	Option 2 seems not adequate, since the network will not be able to guarantee that URLLC traffic is prioritized. And option 3 seems not necessary, since a proper LCH priority configuration would be sufficient.


4
HARQ sharing and lch-basedPrioritization

So far, RAN2 agreed the following combinations:
1) When cg-RetransmissionTimer is configured, HARQ processes sharing between multiple CGs are allowed (RAN2#112)

2) When cg-RetransmissionTimer is not configured, HARQ processes sharing between multiple CGs are not allowed. (RAN2#112)
3) lch-basedPrioritization and cg-RetransmissionTimer can be configured together in Rel-17 (RAN2#113)

In [9][13], it is proposed that when lch-basedPrioritization is configured, HARQ process is not shared between CG configurations in order to avoid mixture of CG selection mechanism from NR-U and IIOT, i.e., autonomous retransmission is allowed across different CG configurations whereas autonomous transmission is limited to the same CG configuration. Whether to have a specification restriction or rely on network implementation may need to be discussed further.

On the other hand, in [2], it is proposed to confirm that HARQ process sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured, i.e., even when lch-basedPrioritization is configured, as the benefit is foreseen in terms of latency.

· Option 1. HARQ process is not shared between CG configurations when lch-based Prioritization and cg-RetransmissionTimer are both configured [9][13]

· Option 2. HARQ process is shared between CG configurations when lch-based Prioritization and cg-RetransmissionTimer are both configured [2]

Question 4: When both of lch-based Prioritization and cg-RetransmissionTimer are configured, which option do companies prefer?

	Company
	Option 1 or 2
	Comment

	Ericsson
	Option 1
	As a matter of fact, we have discussed in an offline email discussion of the last meeting, but not concluded:

With cg-RetransmissionTimer configured, no enhancement is needed for CG selection for autonomous re-transmissions, i.e. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services (16/22)

In general, we don’t see any benefits of HARQ process sharing between CGs configured together with lch-basedPrioritization. HARQ process sharing between CGs may only be suited for the same priority data, for which network would not configure lch-basedPrioritization.

If the network intends to configure different CGs with lch-basedPrioritization, it may configure LCP restriction so that URLLC traffic is restricted to some CGs with e.g., URLLC-level MCS value and non-URLLC traffic is restricted to some CGs with non-URLLC-level MCS value. It would be strange to configure HARQ process sharing so that the URLLC traffic is sent on a non-URLLC CG or the other way around. 

	CATT
	Option 2
	HARQ sharing is one of the key features of NR-U allowing performing autonomous retransmissions with minimum latency, so we think IIOT traffic should be able to benefit from it. Furthermore, it can be beneficial in support of some TSN flows, where multiple CG configurations can be configured to the UE with same MCS, TB size except timing offset. This is helpful to alleviate the jitter as well as delay of traffic. In this scenario, HARQ process sharing can be supported.

	LG
	Option 1
	HARQ sharing is to cope with the latency due to frequent LBT failure. In UCE, we see not much benefit to share HARQ processes. 

	vivo
	Option2
	In our understanding, HARQ process sharing is already supported according to the specification. The network can avoid HARQ processes sharing for CGs with different QoS via proper configuration of harq-ProcID-Offset/harq-ProcID-Offset2 and nrofHARQ-Processes. 

If no extra effort is needed to allow HARQ process sharing in UCE, we prefer to keep the feature to reduce the retransmission latency and relax the jitter as mentioned by CATT.  

	Lenovo
	Option 2
	Agree with CATT that HARQ process sharing is one essential feature of NR-U. We don’t see a reason to restrict NW implementation by not allowing HARQ process sharing for cases when both lch-based Prioritization and cg-RetransmissionTimer are configured. 

	Samsung
	Option 1
	We think HP sharing some additional consideration when autonomousTx is configured. One potential issue would be the following case:

- CG1 is configured with HP0,HP1.

- CG2 is configured with HP1
At t1: CG1 with HP1 is de-prioritized and a MAC PDU is already generated. CGT and CGRT are both stopped. Without consideration of CG2, it should be to retransmitted at t3.

At t2: For HP1, CG2 should not be used but the current spec is not clear whether autonomousTx is performed or whether a new transmission is performed.
In order to avoid such complicated cases, we think we should explicitly exclude HP sharing.

	Huawei, HiSilicon
	See comments
	During the RAN2#113-e offline discussion, it was proposed:

With cg-RetransmissionTimer configured, no enhancement is needed for CG selection for autonomous re-transmissions, i.e. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services (16/22).

Network shall be able to flexibly control whether HARQ process sharing between CG configurations is needed or not.

	MediaTek
	Option 2
	For IIOT_URLLC, configured grants are beneficial both for reducing latency and also for reducing the impact of LBT failures, therefore we expect that a large number of CGs can be configured on the UE. Because the number of HARQ processes is fixed, it will be difficult to ensure a different HARQ PID pool for each CG, and HARQ sharing will be needed.

We do not see a big problem supporting both lch-based Prioritization and cg-RetransmissionTimer while allowing HARQ process sharing:

lch-basedPrioritization is configured per MAC entity and indicates that prioritization of TBs can be performed based on LCH priorities.

cg-RetransmissionTimer is configured per CG configuration and it is up to the network to configure HARQ sharing for a subset of CG configurations configured with cg-RetransmissionTimer.

	Qualcomm
	Option 2
	Agree with CATT.

	Intel
	Option 2
	We see the latency benefits, similar to Question 2. 

	III
	Option 2
	Agree with CATT.

	ZTE
	Option 2
	To our understanding , the cg-RetransmissionTimer is mostly like a CG working style selection flag according to the agreements from RAN2#112 meeting, which means when cg-RetransmissionTimer is configured for one CG configuration, NRU-like CG transmission would be performed (i.e HARQ ID selection mechanism, UCI/DFI, HARQ sharing, etc). We do not see any need to make the  lch-basedPrioritization be another flag for CG working mechanism selection, moreover, the lch-basedPrioritization is configured per MAC entity and cg-RetransmissionTimer is configured per CG configuration, if we go for option 1, which means once the lch-basedPrioritization is configured to MAC entity, all the configured grant configurations belong to this MAC entity cannot use NRU like mechanism, it seems no flexibility and also not reasonable.

	OPPO
	Option 1
	The benefit to share HARQ processes is not well evaluated. 

	TCL
	Option 2
	HARQ sharing shall reduce latency with autonomous retransmission for the case of LBT failure in UCE. This shall be benefit the URLLC traffic in UCE. Thus we agree with CATT that the HARQ sharing should be supported.

	Nokia, NSB
	Option 2
	If there is any issue of sharing HARQ process among CGs when both LCH-based prioritization and CGRT are both configured, by implementation the gNB can always resolve this issue by configuring an exclusive set of HARQ PIDs for each CG. This doesn’t have to be mandated by the specification. 


5
Harmonization operation

In this clause, we look into the issues in configuration of AutonomousTx and cg-RetransmissionTimer for the scenarios listed below:

	Scenario
	Description

	1
	UL grant is prioritized and LBT fails

	2
	UL grant is de-prioritized including the case where UL grant is de-prioritized by e.g., CI-RNTI


5.1
Scenario 1: UL grant is prioritized and LBT fails

Case 1. AutonomousTx is configured and cg-RetransmissionTimer is not configured
The MAC entity triggers a new transmission for the next available CG (when not filtered out by running configuredGrantTimer). Consequently, neither autonomous transmission nor autonomous retransmission is triggered [2]. 

Question 5: Do companies agree that the above operation is the correct understanding of the current specification?

	Company
	Agree/Disagree
	Comment

	Ericsson
	Agree
	LBT failure is not recovered as intended since the cg-ReTxTimer was not configured.

	CATT
	Agree
	Since CGT is not started due to LBT failure, the following CGO is always treated as new transmission. And no autonomous transmission is triggered because the previous CG was not deprioritized.

	LG
	Agree
	

	vivo
	Agree
	Autonomous transmission is not triggered as the UL grant is prioritized. Autonomous retransmission is not triggered as the network disable the autonomous retransmission by not configure the CGRT. 

Network may apply this configuration to service with strict latency requirement, and is not sensitive to packet loss.

	Lenovo
	Agree
	Since cg-ReTxTimer is not configured, no autonomous retransmission is performed. Autonomous transmission is not carried out since UL grant is prioritized. 

	Samsung
	Agree
	

	Huawei, HiSilicon
	Agree
	We agree with that autoTx handles deprioritized grant and autoRetx handles LBT failure. When LBT fails but cg-RetransmissionTimer is not configured, a new transmission may be performed on the next CG occasion.

	MediaTek
	Agree
	If cg-RetransmissionTimer is not configured, there is no retransmission mechanism in case of LBT failures.

	Qualcomm
	Agree
	

	Intel
	Agree
	

	III
	Agree
	

	ZTE
	Agree
	

	OPPO
	Agree
	It is agreed if CGRT is not configured, LBT-failed MAC PDU is not retransmitted.

	TCL
	Agree
	Autonomous retransmission is not triggered as CGRT is not configured, and autonomous transmission is not performed for the UL grant is prioritized.

	Nokia, NSB
	Agree
	It seems to be correct, however specification changes should not be pursued regarding that.

If LBT failure is an issue in the unlicensed controlled environment deployment, the network should simply configure the cg-retransmissionTimer in this case. So if cg-retransmissionTimer is not configured, in our understanding the operation should be exactly the same as in licensed band.


Case 2. AutonomousTx is not configured and cg-RetransmissionTimer is configured

The MAC entity changes the HARQ status to pending and does not start cg-RetransmissionTimer. The MAC entity triggers a retransmission for the next available CG. Consequently, autonomous retransmission is triggered [2]. 

Question 6: Do companies agree that the above operation is the correct understanding of the current specification?

	Company
	Agree/Disagree
	Comment

	Ericsson
	Agree in principle
	In the last meeting, RAN2 has the below common understanding

 R2-2104104
Clarification on HARQ status upon LBT failure
LG Electronics UK, Ericsson
discussion
TEI16

· [017] Noted 

· [017] RAN2 confirm that the HARQ process status remains in 'not pending' after LBT succeed once for a transmission of a TB on the HARQ process, even if LBT failure indication is received for a retransmission. No specification change needed.

We need to leave out the description on the HARQ process status regarding pending versus non-pending. In other words, it is not true that ”the MAC entity changes the HARQ status to pending and does not start cg-RetransmissionTimer”, but we agree that the autonomous retransmission is triggered due to cg-ReTxTimer expiry. 



	CATT
	Agree
	Also agree with Ericsson’s comment. In this case, CG transmission does not happen due to failed LBT, and neither CGRT nor CGT is (re)started. As for the HARQ process, if this was an initial transmissions, the HARQ process is considered pending, which will trigger an autonomous retransmission on the next available CGO for this HARQ process. And if this was an autonomous retransmission on CG, the HARQ process remains “not pending” and the CGT keeps running, If it is still running on the next available CGO for this HARQ process, this will also trigger autonomous retransmission on that CGO.  
So in both cases, autonomous retransmission is triggered.

	LG
	Agree
	If configuredGrantTimer has started, the HARQ status will remain as not pending. After expiry of cg-RetransmissionTimer, the autonomous retransmission will be triggered.

	vivo
	Agree
	Agree with CATT. If CGT has started, autonomous retransmission is triggered for the next available CG in case the CGT is running.

	Lenovo
	Agree
	Same view as Ericsson that HARQ status change depends on whether it’s an initial transmission or autonomous retransmission. 

	Samsung
	Agree
	

	Huawei, HiSilicon
	See comments
	Agree with Ericsson. If the CG is used for new transmission, the HARQ status shall be considered as “pending” if LBT fails, and autoRetx will be triggered for the next available CG. If the CG is used for retransmission, the HARQ status remains as “not pending”, and autoRetx will be triggered for the next available CG.

	MediaTek
	Agree, but
	Agree with Ericsson and CATT. Pending status only applies for the initial transmission, but autonomous retransmission will be triggered for both initial transmission and retransmission.

	Qualcomm
	Agree
	Agree with Ericsson. A minor reservation on the term “autonomous retransmission”. We prefer “pending initial transmission” as “autonomous retransmission” could be referring to retransmission up CGRT expiry.

	Intel
	Agree in principle
	Agree with Ericsson.

	III
	Agree
	Agree with CATT.

	ZTE
	Agree
	

	OPPO
	Agree in principle
	We agree that if CGRT is configured, LBT-failed MAC PDU can be retransmitted. And we share the similar view as Ericsson on HARQ process status change. If CGT is already running and the CG is deprioritized, i.e. the deprioritized CG is associated with a retransmission, HARQ process status remains not pending.

	TCL
	Agree
	Agree with CATT. 

	Nokia, NSB
	Partly agree
	If it is an initial transmission and if LBT fails in the UE side, i.e. before start transmitting PUSCH, the cg-retransmissionTimer does not start. The UE may just attempt transmitting the pending HARQ process in a next available CG like a new transmission.

If it is a retransmission, the cg-retransmissionTimer was already running, then the UE may attempt retransmitting the same HARQ process in next available CG.

The end result is the same, though in slightly different interpretation.


Case 3. AutonomousTx and cg-RetransmissionTimer are configured

Neither cg-RetransmissionTimer nor configuredGrantTimer is started. 

If configuredGrantTimer is already running, the configuredGrantTimer is kept running. As configuredGrantTimer is running, it means that the HARQ state was not pending and not changed. If configuredGrantTimer is not running, the HARQ state becomes or remains pending. As a result, the MAC entity triggers a retransmission for the next available CG. Accordingly, autonomous retransmission is triggered [2][7][16].

Question 7: Do companies agree that the above operation is the correct understanding of the current specification? 

	Company
	Agree/Disagree
	If Yes, which option do companies prefer

	Ericsson
	
	This is the same as the case 2, since the UL grant is not de-prioritized and whether AutoTx is configured or not (i.e., the difference between case 2 and case 3) does not change the behaviour. 

	CATT
	Agree
	Agree with Ericsson, this is the same as Case 2; autonomousTx plays no role on LBT failures when CGRT is configured.

	LG
	Agree
	Regardless of whether the HARQ status is pending or not pending, the MAC triggers autonomous retransmission after cg-RetransmissinoTimer expiry.

	vivo
	Agree
	We share the same view with Ericsson.

	Lenovo
	Agree
	Agree that this is same as Case 2. 

	Samsung
	Agree
	

	Huawei, HiSilicon
	Agree
	This is the same as case 2, AutoRetx will be triggered in such case.

	MediaTek
	Agree, but
	Agree with Ericsson’s comments. Pending status depends on whether this was an initial transmission or a retransmission.

	Qualcomm
	Agree
	Agree with Ericsson

	Intel
	
	Agree with Ericsson. 

	III
	Agree
	Agree with Ericsson

	ZTE
	Agree
	

	OPPO
	Agree
	Agree it is the same as the Case 2, since the retransmission is triggered due to LBT failure other than de-prioritization.

	TCL
	Agree
	Agree with Ericsson.

	Nokia, NSB
	Partly agree
	We have concern with the terminology of the second part where it says, “As a result, the MAC entity triggers a retransmission for the next available CG”. If configuredGrantTimer is not running, it means even the first OFDM symbol of the PUSCH for initial transmission has not started, so it should be handled as an initial transmission of the pending HARQ process. 


5.2
Scenario 2: UL grant is de-prioritized

Case 1. AutonomousTx is configured and cg-RetransmissionTimer is not configured

The MAC entity triggers a new transmission for the next available CG (when not filtered out by running configuredGrantTimer) [2]. Consequently, autonomous transmission is triggered. 

Question 6: Do companies agree that the above operation is the correct understanding of the current specification?

	Company
	Agree/Disagree
	Comment

	Ericsson
	Agree
	

	CATT
	Agree
	This is Rel-16 IIoT behaviour. UE treats the deprioritized PDU with autonomous transmission.

	LG
	Agree
	

	vivo
	Agree
	Autonomous transmission is triggered when the UL grant is deprioritized and AutonomousTx is configured.

	Lenovo
	Agree
	

	Samsung
	Agree
	

	Huawei, HiSilicon
	Agree
	In such case, each CG can only be used for new transmission. Rel-16 IIoT behaviour will be applied.

	MediaTek
	Agree
	Rel-16 IIoT behaviour.

	Qualcomm
	Agree
	

	Intel
	Agree with the comments
	To be more precise, autonomous transmission is triggered for the same CG configuration with the same HARQ process. 

	III
	Agree
	

	ZTE
	Agree
	

	OPPO
	Agree
	

	TCL
	Agree
	If AutonomousTx is configured, autonomous transmission shall be performed when the UL grant is deprioritized.

	Nokia, NSB
	Agree
	Exactly the same as Rel-16 operation in licensed band


Case 2. AutonomousTx is not configured and cg-RetransmissionTimer is configured

In RAN2#113, it is agreed that: 
3. the MAC entity stops cg-RetransmissionTimer when the CG resource associated with the timer is deprioritized due to LCH-based prioritization.


Currently, configuredGrantTimer is stopped for the corresponding HARQ process if the deprioritized uplink grant is configured with autonomousTx. 

In scenario 2, the MAC entity triggers a retransmission for the next available CG because configuredGrantTimer is kept running [2][7]. This is not aligned with the RAN2 agreement that If AutoTx is not configured, deprioritized MAC PDU is not retransmitted. For this reason, the following options are proposed:

· Option1. Even if a CG is not configured with autonomousTx, the configuredGrantTimer is stopped when the associated CG is deprioritized [7]
· Option 2. If a CG is not configured with autonomousTx, the cg-RetransmissionTimer is not stopped when the associated CG is deprioritized [13]
· Option 3. If a CG is not configured with autonomousTx and the previous CG for the same HARQ process was deprioritized, it is routed to a new transmission [2]. The suggested Text Proposal is in the table below:

	1>
if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:

2>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2>
if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2>
else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:

3>
if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink which was deprioritized and autonomousTx is not configured; or
3>
if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):

4>
consider the NDI bit to have been toggled;

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

3>
else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant which was not deprioritized (i.e. retransmission on configured grant):

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Question 8: Which option should be considered? 

	Company
	Option 1/2/3 or 

No option necessary
	Comment

	Ericsson
	  Option 2
	Option 1 means that the next transmission is always a new transmission with a new MAC PDU and thus the data is flushed/lost.

Option 3 is a hack in the MAC spec to support AutoTx, which obviously is not wanted by the network configuration in this case/scenario. 

Option 2 aligns with the principle of the agreement from the last meeting, and we don’t see any issues following this. The cg-ReTxTimer is kept running and upon its expiry, the MAC PDU is retransmitted by NR-U approach.  The previous agreement can be refined to that 

“If AutoTx is not configured, deprioritized MAC PDU is not retransmitted by the IIoT autonomous tx approach but may still be retransmitted by NR-U approach due to cg-ReTxTimer expiry”.

	CATT
	Option 3 clarified as “If a CG is not configured with autonomousTx and configured with cg-RetransmissionTimer …”
	Option 3 is the only option in our understanding that aligns with the RAN2 agreement we had, while keeping the spirit/intention of the R16 IIOT protocol when autonomousTx is not configured, that is, to allow deprioritized CGs to be handled by gNB dynamic retransmission grants.

Option 2 is justified by Ericsson via a hack in the RAN2 agreement which completely changes the nature of the agreement. This is not acceptable to us.

Option 1 defeats the purpose of the configurability of autonomousTx: indeed, during IIOT discussions, the key point for introducing the configurability of autonomous transmissions was that some companies thought that legacy gNB-scheduled dynamic retransmissions could be sufficient to handle the issue for some configured grant configurations, e.g. with deterministic traffic. But this is made impossible if the CGT is stopped because gNB may not have sufficient time to react before the next available CGO for the same HARQ process, meaning the deprioritized PDUs are overwritten by the new PDU and so, are lost. 


	LG
	Option 2
	Option 1 seems not working properly because the MAC will trigger a new transmission at the next available CG, which may allow generation of a new MAC PDU and the stored MAC PDU will be lost.

Option 3 works but prefer option 2 because the timer operation is well aligned with the intention, i.e., not to cope with transmission fail via autonomous transmission if the transmission is de-prioritization but autonomousTx is not configured.

	vivo
	No option necessary
	Agree with other companies that option1 doesn’t work as it may cause data loss. 

Option2 is not align with the agreement: If AutoTx is not configured, deprioritized MAC PDU is not retransmitted. Based on option2, the CGT is stopped and the CGRT is not stopped when the associated CG is deprioritized MAC PDU. Then the deprioritized MAC PDU will be retransmitted when the CGRT expires.
Option3 forces UE always performing autonomous transmission (i,e, transmission a de-prioritized MAC PDU as a new transmission with the following CGO) in this case no matter the autonomousTx feature is configured or not.
In summary, each option has problem. option1 doesn’t work. Option2 is not align with the agreement. Option3 doesn’t allow the network to disable autonomousTx feature.

Take the above into account, no option can meet the requirement of the current agreement. We intend to agree with the refinement from Ericsson with one modification to align the RAN2#113 agreement:
“If AutoTx is not configured, deprioritized MAC PDU is not retransmitted by the IIoT autonomous tx approach but may still be retransmitted by NR-U approach due to cg-ReTxTimer expiry”.

If the refinement can be accepted, we think no extra work is needed. According to the previous agreements: If AutoTx is not configured, for a deprioritized UL grant, the CGT is not stopped and the CGRT is stopped, then the MAC PDU associated with the deprioritized UL grant can be retransmitted by NR-U approach in the next available CGO.

	Lenovo
	
	We think that each option has a problem/Issue. 

	Samsung
	Option 2
	The intention of our previous agreement is to allow autonomousTx by stopping both CGT and CGRT. Thus, the agreement shall apply only for the case that autonomousTx is configured. 

Regarding Option 3, it would work but we are reluctant to add condition related to de-prioritization to CG filtering procedure. Option 2 is much simpler from both procedure and specification perspectives. 

	Huawei, HiSilicon
	Option 2
	Agree with Ericsson. Maybe the previous agreement can be refined.

	MediaTek
	No option works
	If autonomousTx is not configured, the intention is not to attempt to transmit the TB autonomously by the UE when it is de-prioritized, as in Rel-16 IIoT.

Option 1 will change the Rel-16 IIoT behaviour by not allowing the network to send a retransmission grant within CGT and therefore will not work.

Option 2, i.e. not stopping the cg-RetransmissionTimer, will only temporarily delay the retransmission, but when CGRT expires, a retransmission will still be triggered, which defeats the purpose of not configuring autonomousTx, so option 2 will also not work.

Option 3 will make the HARQ process available for a new transmission, but this also means the network will not have a chance to send a retransmission grant within CGT as in Option 1, so it will not work either.

	Qualcomm
	Option 2/ Option 3
	Option 1 should not be used to prevent data loss. Option 2 should work if the CG Timer is kept running, since the NR-U re-tx could be set to take care of retransmissons. This will require some modifications of earlier agreements. Option 3 can also be made to work.

	Intel
	Option 2
	Agree with Ericsson.

	III
	Option 2
	Agree with Ericsson.

	ZTE
	Option 2
	we would like to go for simpler one solution (i.e no specification change),according to the current spec, the deprioritized MAC PDU can be retransmitted since the cg-RetransmissionTimer is configured but not running, so we share the same view with Ericsson, to refine the agreements.

	OPPO
	Option 1
	Option1 requires CGT stopping to align with RAN2 previous agreement: If AutoTx is not configured, deprioritized MAC PDU is not retransmitted. Otherwise, the deprioritized MAC PDU will be transmitted by NR-U autonomous retransmission. Regarding the argument that the gNB re-transmission scheduling may not work, we agree the disadvantage. But, it may not be a big issue. Note that it is already agreed to stop CGT for the deprioritized CG when autonomousTX is configured, which may also block the gNB re-transmission scheduling. For example, assuming a CG is configured with autonomousTX and is associated with the retransmission of a MAC PDU, the UE stops CGT when the CG is deprioritized. Then, for the next available CG, the UE will flush the previous deprioritized MAC PDU and generate a new MAC PDU, since the condition of autonomous (re)transmission is not fulfilled, i.e. the HARQ process status is not pending and the PUSCH transmission(s) of the obtained MAC PDU has been completely performed.
Option3 requires a new transmission for the HARQ process. It also means the network can not schedule a retransmission grant and the data lost exists accordingly. 
Option2 is not aligned with RAN2 previous agreement: If AutoTx is not configured, deprioritized MAC PDU is not retransmitted. Per Option 2, neither CGT and CGRT is stopped when the associated CG is deprioritized. But when the CGRT expires, the deprioritized MAC PDU will be retransmitted. 
However, we know each option has its own issue. So, we are also fine to refine the previous agreement as “If AutoTx is not configured, deprioritized MAC PDU is not retransmitted by the IIoT autonomous tx approach but may still be retransmitted by NR-U approach”.

	TCL
	Option 2
	Agree with Ericsson, Option 2 generally aligns with agreement of the last meeting, and it may need be refined.

	Nokia, NSB
	None
	If autonomousTX is not configured, we believe the gNB is capable of detecting a CG PUSCH (e.g. via DM-RS) even the transmission of which is not completed due to deprioritization. Hence, the gNB may simply assign a re-transmission grant to recover the deprioritized MAC PDU, no other enhancement is needed.


Case 3. AutonomousTx and cg-RetransmissionTimer are configured

Neither configuredGrantTimer nor cg-RetransmissionTimer is started, or both timers are stopped, if running. The HARQ state is not changed. 

If HARQ state is not pending and a CG is de-prioritized, the MAC entity triggers a new transmission for the next available CG [2][4][7][16]. However, there are different understanding of the current specification in detailed HARQ operation.

· Option 1. In HARQ operation, the MAC entity performs autonomous transmission [2][16]. 

· Option 2. In HARQ operation, the MAC entity obtains a new MAC PDU and autonomous transmission is not possible [4][7]. Some solutions may be needed, e.g., not stopping configuredGrantTimer. 

Question 10: Which option is the correct understanding of the current specification? 

	Company
	Option 1 or 2
	Comment

	Ericsson
	It depends on whether the obtained MAC PDU has been completely performed one time before
	The AutoTx is modelled as below, in particular the yellow highlights.

3>
else if this uplink grant is a configured grant configured with autonomousTx; and

3>
if the previous configured uplink grant, in the BWP, for this HARQ process was not prioritized; and

3>
if a MAC PDU had already been obtained for this HARQ process; and

3>
if the uplink grant size matches with size of the obtained MAC PDU; and

3>
if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed:
4>
consider the MAC PDU has been obtained.

If there has been one completely performed transmission on this HARQ process, then it is option 2. This case can happen, for example, for the third transmission of a MAC PDU, if in the first transmission, the MAC PDU was prioritized and LBT was successful, and in the second transmission, the MAC PDU was de-prioritized. In this case, the new transmission branch would not consider the MAC PDU as obtained and would obtain a new MAC PDU and thus, the option 2.  

If none of the PUSCH has been completely performed, then it is option 1. 

	CATT
	Option 1 most of the time
	We agree with Ericsson’s analysis although considering that if a PUSCH has been completely transmitted it must be for a case where the transmission failed and no DFI was received while CGRT was running. This, by itself is already expected to be infrequent. But then, the next CGO with same HARQ process is deprioritized. We consider that the probability that these 2 events occur consecutively is quite low, and so may not require that we optimize Option2.

	LG
	Option 1
	If de-prioritization happens while a TB is being transmitted, the condition for autonomous transmission is met. 

If de-prioritization happens after a TB is sent, the condition is not met, hence autonomous transmission is not to be performed, which is exactly the same as Rel-16 and not to be addressed in Rel-17. 

	vivo
	Depends on whether the MAC PDU has been sent completely before
	We share the same view with Ericsson.

Case1: the deprioritized CGO is associated with the initial transmission of one MAC PDU

In this case, none of PUSCH transmission of the MAC PDU has been completely performed, option1(autonomous transmission for the deprioritized MAC PDU) should be performed.

Case2: the deprioritized CGO is associated with a retransmission of one MAC PDU(i.e. triggered by CGRT expires) and the initial transmission of the MAC PDU has been preformed completely before

In this case, autonomous transmission should not be performed, i.e. option2 is performed. 

According to the current specification quoted below, the CGT will be stopped unintended in this case: If this deprioritized uplink grant is configured with autonomousTx, the configuredGrantTimer for the corresponding HARQ process of this de-prioritized uplink grant shall be stopped if it is running.

As mentioned by option2, the CGT should not be stopped in this case, to allow gNB to schedule retransmission or UE to perform autonomous retransmission before CGT expires.  

	Lenovo
	Option 1 
	Agree with LG

	Samsung
	Option 1
	AutonomousTx is performed only if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed. The reason of this is that for non-initial transmission, NW is aware of the presence of MAC PDU, so NW can allocate retransmission resource. We think this principle does not change in Rel-17.

	Huawei, HiSilicon
	Option 2
	If a MAC PDU was viewed as retransmission on a configured grant, it is not suitable to model the MAC PDU then as initially transmitted on the next configured grant after it is deprioritised.

	MediaTek
	Option 1, for new transmission
	If TB for an initial transmission is de-prioritized and autonomousTx is configured, an autonomous transmission will be performed. In this case, Rel-16 IIoT de-prioritization operation will take over because the TB has been de-prioritized (Scenario 2). Existing limitations in Rel-16 (such as the yellow highlighted clause quoted by Ericsson above) will continue to apply. The presence of cg-RetransmissionTimer should not interfere with this behaviour.

Note that if transmission has been performed once before, and retransmission is de-prioritized, CGRT will ensure that the data is retransmitted.

	Qualcomm
	Option 1
	With the same reservations mentioned by Ericsson and CATT. We agree that this is a corner case that does not need special optimization.  

	Intel
	Option 1
	We think this is similar to Case 1 (Question 6).

	III
	Option 1
	Agree with CATT.

	ZTE
	Option 1 in most cases
	 We tend to share the same view with Ericsson, the case mentioned by Ericsson is a real case which deserves a discussion.

	OPPO
	It depends on whether the obtained MAC PDU has been completely performed one time before
	We share the similar view with Ericsson.

In our paper [7], we mentioned two cases, one is the deprioritized CG associated with a new MAC PDU transmission, another is the deprioritized CG associated with a MAC PDU retransmission. For the former one, we agree that the MAC entity performs autonomous transmission since none of the PUSCH has been completely performed. For the latter one, the MAC entity obtains a new MAC PDU and autonomous transmission is not possible since the condition of autonomous transmission is not fulfilled, i.e. the PUSCH has been completely performed.

	TCL
	Option 1
	Agree with Ericsson and CATT, this case shall not occur often, there is no big gain in optimization.

	Nokia, NSB
	Option 1

	For us is not clear in Option 2 why MAC would obtain a new MAC PDU and why autonomous transmission wouldn’t be possible.


If the HARQ state is pending due to previous LBT failure and a CG is de-prioritized, the MAC entity triggers a retransmission at the next available CG. Accordingly, autonomous retransmission is triggered, which is not aligned with the agreement in RAN2#113 that AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively. For this reason, it is proposed in [13] to consider the HARQ process as not pending so that the MAC entity triggers a new transmission and performs autonomous transmission. 

Question 11: Do companies agree that the HARQ process should be considered as not pending if CG is de-prioritized while the HARQ state is pending? 

	Company
	Agree/Disagree
	Comment

	Ericsson
	Disagree
	If the HARQ process is pending, then the network is not aware of this transmission at all and if the retransmission on a later CG is de-prioritized (e.g., cancelled before transmission), then the network for sure cannot be aware. If changed to non-pending (i.e., meaning to start cgTxTimer), then there could be a risk that the data might be flushed/lost eventually. This is not in align with NR-U principle that starting cgTxTimer only if it is possible for the network to detect the uplink transmission (e.g., at least after one LBT success). 

In other words, pending status can be interpreted as that “pending = only when MAC PDU has never been transmitted on the air (e.g., for the initial transmission, LBT failure or the grant is cancelled due to de-prioritization).“

It is also our understanding that if the HARQ transmission is performed with LBT success but not completely performed (due to pre-emption of another high priority transmission coming later), the HARQ process would be changed to non-pending according to the MAC spec. In this case, the network can detect energy on the pre-empted uplink transmission and is aware of the transmission.

Additionally, one can understand that this does not contradict to the previous agreement, since the CGRT method continues to be responsible for the LBT-failure that rendered the HARQ process pending, and this is not interrupted by de-prioritization.

	CATT
	Agree
	There are two cases to consider:

1) The CG (of the autonomous retransmission) is deprioritized after it started being transmitted 

In this case, the HARQ process is switched to “not pending” when the transmission is started per the below text in the retransmission branch of 5.4.2.1:

4>
if the identified HARQ process is pending and the transmission is performed and LBT failure indication is not received from lower layers:
5>
consider the identified HARQ process as not pending.

In this case, the deprioritized MAC PDU is correctly handled by IIoT protocol. Since both CGT and CGRT are stopped upon deprioritization, and the HARQ process is not pending, UE will treat the next CGO as a new transmission. Since none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed, UE will go through the autonomous transmission branch. No specification change is needed.
2) The CG (of the autonomous retransmission) is deprioritized before it started being transmitted.

In this case, we agree that the HARQ process remains pending which will lead to the next CGO to be treated as an autonomous retransmission on a configured grant, which is indeed another case where the current specification contradicts with the RAN2 agreement from RAN2#113. We think the proposed fix in [13] is clean and we are not sure why there would be any risk of data flushed/lost as argued by Ericsson. Essentially, since in that case no transmission has started, CGT and CGRT are not started and so switching the HARQ process to “not pending” will allow, same as case 1) treating the next CGO as a new transmission and performing autonomous transmission.

	LG
	Disagree
	We would like to keep the principle that the HARQ state is changed to pending to not pending only when it is once initially and actually transmitted. 

We don’t think this triggering autonomous retransmission really contradicts the last agreement because the last agreement was mainly to address the case where either CGRT or AutoTx is configured. RAN2 has not considered carefully the mixed case (pending and then de-prioritized) when both of cg-RetransmissionTimer and autonmousTx are configured. As long as the UE behaviour in the specification is clear it is not necessary to revert the HARQ state back to not pending. 


	vivo
	Disagree
	Agree with LG that the previous agreement was mainly to address the case where either CGRT or AutoTx is configured. 

Revert the HARQ state back to not pending is not preferred. It is not logical to using initial transmission (i.e. enable autonomous transmission by revert HARQ state back to not pending) to handle retransmission failure (i.e. retransmission triggered by pending is deprioritized).

	Lenovo
	Disagree
	We agree with others that HARQ status should not be changed to “not pending”. We think that the MAC entity should trigger a retransmission at the next available CG occasion. Essentially the autonomous retransmission is only postponed to a later CGO.  As mentioned by Ericsson NR-U retransmission functionality shall not be interrupted by a de-prioritization, i.e. autonomous retransmission is still performed since HARQ process is pending but on a later CGO.

	Samsung
	Agree
	Agree with CATT. According to the current text, UE has two different behaviours depending on the timing of de-prioritization, 
1) de-prioritization after tx ( HP is not pending ( AutoTx

2) de-prioritization before tx. ( HP is pending ( AutoReTx

Since UE’s processing time is out of RAN2 scope, different UE implementations have two different behaviours. This means that already NR-U functionality (autonomous retransmission) can be interrupted by a de-prioritization. So, Option 2 is just to have a common UE behaviour, i.e. if the deprioritization occurs, AutoTx should be always responsible to transmit the stored MAC PDU. 

	Huawei, HiSilicon
	Disagree
	The agreement “that AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively” shall not apply for the case of combination of LBT failure and CG de-prioritization. 

	MediaTek
	Disagree
	Agree with Ericsson that the pending state only applies when the first transmission could not be performed due to LBT failure.

	Qualcomm
	Disagree
	Deprioritization should not change the ongoing HARQ status whether it is pending or not pending. We view the deprioritization and the HARQ status processes as separate, since HARQ being pending or not would depend on LBT outcomes not on the prioriotization/deprioritization of PDUs.

	Intel
	Disagree
	 Agree with Ericsson.

	III
	Disagree
	 Agree with Ericsson.

	ZTE
	Disagree
	We agree with we should discuss this issue by considering two cases.

1: When the MAC PDU is transmitted but interrupted

In this case, the pending status would be terminated, and the autonomous transmission would be performed (i.e new transmission branch)

2: When the MAC PDU have not been transmitted

In this case, the pending status shall be keeping, and NRU branch can be used for simplicity, it is also rational UE try to perform the autonomous retransmission again if the autonomous retransmission for a LBT failure is not performed.

Therefore, for these two cases, no any specification change is needed. 

	OPPO
	Disagree
	Agree with Ericsson. In our understanding, the original reason why the MAC PDU has never been transmitted on the air is LBT failure. 

	TCL
	Disagree
	Agree with Ericsson

	Nokia, NSB
	Disagree
	Pending or not pending should depend only on LBT status of the initial transmission.

We don’t agree that “If the HARQ state is pending due to previous LBT failure and a CG is de-prioritized, the MAC entity triggers a retransmission at the next available CG”. If HARQ process is considered pending, this means LBT failure has occurred, and therefore autonomous retransmission should kick in. 


6
HARQ process ID selection

In RAN2#112, it was agreed:

3
When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.

4
When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.


RAN1 is currently discussing how to enable/disable CG-UCI, i.e., configurable depending on RRC parameters or always enabled. Given that HARQ process ID selection is impacted by CG-UCI, it was discussed further in RAN2#113-e how to select HARQ process ID and RV when cg-RetransmissionTimer is not configured, where no agreement was made. 

At that time, half of companies (11/22) prefer Option 3, i.e., no enhancements needed, i.e., if cg-RetransmissionTimer is not configured, the UE uses the existing formula to determine the HARQ PID according to timing of the CG occasion, while there were some support to wait for RAN1 decision (8/22). The options provided in RAN2#113bis-e are listed below:

· Option 1. If cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism is used for HARQ process ID, i.e., confirm the RAN2 agreement in RAN2#112e [2]

· Option 2. Wait for RAN1 conclusion [9]

· Option 3. If cg-RetransmissionTimer is not configured and CG-UCI is not configured, Rel-16 URLLC mechanism is used for HARQ process ID [1][5]
Question 12: When cg-RetransmissionTimer is not configured, which option do companies prefer for HARQ process ID selection?
	Company
	Preferred option
	Comment

	Ericsson
	Suppose cg-ReTxTimer is not configured. If CG-UCI is not supported, then option 3.

Whether CG-UCI is supported is up to RAN1, i.e., option 2.
	To clarify our position, if cg-ReTxTimer is not configured (i.e., very rare LBT failure in UCE), there is no need to signal the HARQ process ID and RV selection in the UL by the UE. All can be relied on the HARQ formula and the pre-configuration of the RV. In other words, the Rel-16 URLLC mechanism is sufficient.

The question is whether, on top of it, NR-U mechanism can be additionally supported. From RAN2 point of view, we don’t see the need. If RAN1 decides to support CG-UCI and it can indicate HARQ process ID and RV, RAN1 can indicate this to RAN2 and RAN2 can update the configuration in MAC/RRC. Nothing is broken if RAN1 does not support CG-UCI and so at this point, RAN2 can agree on option 3 as the baseline and finish this discussion from RAN2 point of view. 

	CATT
	Option 3
	We agree with Ericsson that Option 3 is the minimum we could agree at this stage which does not preclude RAN1 to further consider configuring CG-UCI without CGRT.

	LG
	Option 1
	If cg-RetransmissionTimer is not configured, there is no need of using CG-UCI. 

Whether to use CG-UCI in Rel-17 IIOT can be discussed in RAN1, but the result seems not impacting RAN2 previous agreement.

	vivo
	Option 2  
	If CG-UCI is not supported/configured, UE has no way to signal gNB about the HARQ process ID selected. Hence, Rel-16 NR-U mechanism used for HARQ process ID selection doesn’t work even if cg-RetransmissionTimer is configured. 
Whether CG-UCI is supported/configured and its relation with cg-RetransmissionTimer is up to RAN1 to decide.

	Lenovo
	Option 3
	Even though we prefer Option 1, Option 3 is safe choice given that RAN1 discussions are still ongoing.

	Samsung
	Option 2/3
	Whether CG-UCI is supported is up to RAN1.

	Huawei, HiSilicon
	Option 2
	We can anyway wait for RAN1 results before we decide on our preference for this issue. 

	MediaTek
	Option 2
	From RAN2 perspective, Option 1 is the desired behaviour. There is no reason to configure CG-UCI without cg-RetransmissionTimer. The purpose of CG-UCI (UE selection of HARQ PID) is to enable quick retransmission in case of LBT failures. Therefore, if retransmissions (cg-RetransmissionTimer) is not configured, there is no reason to configure CG-UCI.

However, RAN1 may see other reasons to configure CG-UCI alone, so we should wait for RAN1 discussions to conclude.

	Qualcomm
	Option 3/Option 2
	This question seems to cover two separate topics and the options do not seem to be mutually exclusive:

1. HARQ ID selection if CG-UCI is not configured

2. Whether CG-UCI should be configured optionally even if CGRT is not configured. 

For the first topic, if CG-UCI is not configured, then Rel 16 URLLC mechanism is necessary to determine the HARQ ID. Conversely, for the second topic, if CG-UCI is configured, we think that the NR-U mechanism should be followed to determine HARQ ID in line with Rel 16 NR-U use of CG-UCI. We see some utility in making CG-UCI configuration optional if CGRT is not configured, which is exactly what RAN1 is discussing right now so we are fine with waiting for their conclusion. 

	Intel
	Option 2 and Option 3
	RAN2 waits for RAN1 conclusion on which RRC parameter controls the presence of CG-UCI, as in option 2. 

If CG-UCI is not present, HARQ process ID derivation is based on a formula, as in option 3. As analyzed in in our contribution [5] R2-2103072, RAN2 needs to discuss the modification to HARQ process ID formula to support multi-TB transmission in a CG period (since Rel-16 NR-U supports multi-TB transmission within a CG period).

	III
	Option 2/3
	We can wait for RAN 1 conclusion.

	ZTE
	Option 1 is the best

But anyway we need wait for RAN1 conclusion
	

	OPPO
	Option 1
	There is no reason/benefit to configure CG-UCI without cg-RetransmissionTimer.

	TCL
	Option 2/option 3
	Wait for RAN1 input.

	Nokia, NSB
	Option 1
	We don’t see any meaningful benefit of the other options for CG harmonization for unlicensed controlled environment.


7
Other issues

If companies have any other issues that should be discussed in this e-mail discussion, please fill that in the table below: 

	Company
	Tdoc Number
	Issue

	CATT
	[2]
	As commented in Q1, we understand Rapporteur only treated the prioritization of autonomous retransmission when it is performed on the same configured grant configuration, as illustrated in Figure 1. But considering HARQ sharing where NR-U protocol allows autonomous retransmission to be performed on different configured grant configurations, we think the following usecase also needs to be addressed:

- Should an autonomous retransmission in a different CG configuration always be prioritized over a higher priority transmission that could have taken place in that CGO? This is basically the same question as Q2, but across CG configs.

But maybe Rapporteur waits first for the outcome of Q4 before addressing the above usecase. Fair enough.

	Nokia, NSB
	[3]
	For HARQ PID selection for a CG, when LCH-based prioritization is not configured, we think the UE should deprioritize a UCI-only MAC PDU (The MAC PDU generated solely for UCI multiplexing and does not contain any other data, when the PUSCH resource overlaps with PUCCH) even if this corresponds to a retransmission.
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