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Introduction
In this contribution, we provide our views on some enhancements to Rel-16 URLLC including following aspects:
· Intra-UE prioritization/multiplexing including resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs.
· Shorter SPS periodicities.
· Multiple simultaneous active SPS configurations for a given BWP of a UE.
· LS reply for RAN2 LS on propagation delay compensation for reference time information delivery. 
Intra-UE prioritization/multiplexing for UL
1.1 Resource conflicts between DG and CG PUSCH
In NR, a periodic CG resource can be configured by RRC signaling for UE to transmit PUSCH directly without sending an SR in advance. For a UE supporting both eMBB and URLLC service, it may have both eMBB data and URLLC data to transmit at the same time. There may be a collision between the CG resource and DG resource since network does not know whether the UE may transmit PUSCH on the CG resource or not. There may be two kinds of collision in general as shown in figure 1.
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Figure 1 Conflicts between DG PUSCH and CG PUSCH
· Case 1: Conflict between DG eMBB PUSCH and CG URLLC PUSCH. This is because a later arrival of URLLC transmission of configured resource overlaps with an on-going eMBB transmission scheduled before. 
· Case 2: Conflict between DG URLLC PUSCH and CG eMBB PUSCH. This is because a later arrival of URLLC has to be scheduled as soon as possible while overlapping with an on-going eMBB transmission on configured resources. 
According to current spec, CG PUSCH will always be ignored if it collides with DG PUSCH in time domain.  For case 1, it will lead to URLLC is dropped which is not the result we want. 
For case 2, no enhancement is needed if the PDU of the eMBB PUSCH is not assembled when the DCI for URLLC is reported to the MAC layer. Because the MAC layer can delay the assembly of the eMBB PDU according to the current spec, i.e., DG URLLC PUSCH is prioritized by MAC. However, enhancements are needed if the PDU of the eMBB PUSCH is already assembled when the DCI for URLLC is reported to the MAC layer. 
Observation 1: The resource conflicts between DG PUSCH and CG PUSCH needs to be resolved.
1.2 [bookmark: OLE_LINK2]Resource conflicts between CG and CG PUSCH
From our understanding, conflicts among multiple CG PUSCH can happen when one PUSCH with high priority data needs to be processed/transmitted in the middle of the processing/transmission one PUSCH with low priority.  There may be two kinds of collision as elaborated below.
· case 1: When one PUSCH with eMBB data is in processing (not transmitted yet), the UE needs to process and transmit the PUSCH with URLLC data which has overlapping resource with the eMBB PUSCH.
· case 2: When one PUSCH with eMBB data is in transmission, the UE needs to transmit the PUSCH with URLLC data which has overlapping resource with the eMBB PUSCH.
Observation 2: Conflicts among multiple configured grant PUSCH can only happen between two PUSCH with different service types/priorities.
1.3 Prioritization/multiplexing rule
As discussed in RAN1 #96, at least three options were agreed for further investigation in WI.
· Option 1: Priority at PHY is determined by MAC layer for the purpose of PHY prioritization
· [bookmark: OLE_LINK3]Option 2: Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization
· Option 3: It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict
For Option 2, the physical layer signaling indication would be not feasible for prioritization since the CG PUSCH does not have a corresponding DCI. In addition, the priority determined by the PHY should also be known by the MAC layer. Otherwise, the MAC layer will not be able to load the corresponding correct priority data according to the PHY requirements, and it will cause unwanted results at PHY. If the priority is bundled with a PHY parameter from the CG PUSCH and delivered to MAC. For example, the PHY parameter is the PUSCH length, and defined as when the length is less than 4 is means high priority. Then, if the CG is configured with a length of 2 symbols, it can only be used to transmit the high priority service. Obviously, it can cause scheduling restrictions and potential waste of resources. 
Similarly to Option3, if we semi-statically configured the priority as part of the CG configuration, it means a UE has to transmit PUSCH with the same priority across all CG occasions, which is a very strict scheduling restriction and a potential waste of resources. For example, for one CG with 7-OS duration, it could be possibly used for both eMBB and URLLC transmission. 
[bookmark: OLE_LINK4]The common problem for both Option 2 and 3 is that it lacks a linkage between PHY and MAC about the priority. In general, MAC has the priority information of data, e.g. logical channel priority. And it is up to MAC to perform multiplexing for data from different logical channels. It is better to determine prioritization by MAC and deliver to PHY. Therefore, we think Option 1 is the most suitable method to solve this issue. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]Proposal 1: For resource conflicts of CG vs DG and CG vs CG, priority at PHY is determined by MAC layer and deliver to PHY for the purpose of PHY prioritization. 
In RAN2 discussion, basically there are three candidate solutions on prioritization when two grants collide.
· Solution 1: MAC always generates one PDU
· Solution 2: MAC always generates two PDUs 
· Solution 3: MAC generates only one PDU when MAC can perform prioritization; Otherwise, MAC generates two PDUs
For Solution 1,  since PHY may receive only on PDU from MAC, there is no spec impacts in PHY. However, when MAC has already delivered the PDU for the earlier grant with a lower priority to PHY, the later grant with higher priority cannot be handled. Thus, there exists a case that prioritization cannot be solved by Solution 1. 
For Solution 2, PHY may receive two PDUs and it is up to PHY to discard the de-prioritized PDU. In our view, it is preferred that MAC can deliver some assistance information to PHY for priority determination.
 For Solution 3, MAC generates only one PDU for the grant with higher priority when MAC has two overlapping grants. When the PDU for an earlier grant has been delivered to PHY, MAC can make the decision based on the priority of the second grant. Specifically, if the second grant has a lower priority, MAC will not generate any PDU for the second grant. If the second grant has a higher priority, MAC has no choice but to generate a PDU for the second grant. In this case, PHY will always assume the second PDU has a higher priority. It can be seen that option 3 can solve for the case that option 1 cannot handle. 
Solution 3 is preferred, while it is up to RAN2 to determine the final option for UL grant prioritization at MAC. 
Proposal 2:  It is up to RAN2 to determine the final solution for UL grant prioritization at MAC. 
From the perspective of RAN1, there may exist the scenario that PHY receives two PDUs from MAC, which needs RAN1 to resolve. There are two possible alternatives as listed below.
· Alt1: MAC PDU reception time is as a reference for PHY to determine the priority of two PUSCHs corresponding to the PDUs.
· Alt2: Considering that HARQ_ID is a physical layer parameter that must be used for each PUSCH (including configured grant),  the MAC layer can assign a priority to the HARQ_ID according to the PUSCH transmitted by the HARQ_ID. For example, the logical channel priority corresponding to the PDU carried in the PUSCH is assigned to the HARQ_ID. Then, the HARQ entity indicates the priority of the HARQ_ID along with the PDU to the physical layer. Thus, the physical layer knows the priority of the HARQ_ID, i.e., the priority of the PUSCH.
When the transmission in the CG or DG PUSCH is an initial transmission, both alternatives can work. However, when the later arrived PUSCH is a re-transmission, Alt1 cannot be used. Because MAC has lost the priority of PDU stored in the HARQ buffer and has to deliver the stored PDU to PHY for the later grant even the later grant has a lower priority. Alt2 can still be workable because the same HARQ_ID is used for PUSCH re-transmission and initial transmission.
In addition, Alt1 cannot be used for the case of collision between HARQ-ACK and DG/CG PUSCH. Because the priority of the HARQ-ACK is associated with the corresponding PDSCH, while there is no priority relationship between the PDU reception time of PDSCH and the  PDU reception time of the DG/CG PUSCH. Alt1 is suitable for solving collisions between two PDSCHs or two PUSCHs. However, Alt2 can still be used because the PDSCH also has a corresponding HARQ_ID. 
In the last section of our companion contribution[1], we find Alt 2 can solve all the collision scenarios. Therefore, Alt2 is preferred.
[bookmark: OLE_LINK33]Proposal 3: For the cases of CG vs DG and CG vs CG collisions, the following method can be considered:
· The priority of a CG/DG PUSCH is associated with the priority of a HARQ_ID
· The HARQ entity indicates the priority of the HARQ_ID according to the logical channel priority to  the physical layer to transmit the PUSCH using the HARQ_ID. 
1.4 How to handle the de-prioritized PUSCH
When a grant is indicated with low priority, it will be discarded either in MAC or PHY. If the de-prioritized PUSCH transmission has not been started yet, it is reasonable to cancel the entire transmission. In some cases, the de-prioritized PUSCH has been transmitting, and only part of the de-prioritized PUSCH transmission is canceled. If it is up to UE implementation to end up the transmission of PUSCH with low priority, the network cannot know the exact ending symbol, which means network cannot re-allocate the resources to other transmissions or other UEs. In addition, it is beneficial for network to decode the partially transmitted PUSCH. 
If PUSCH with higher priority is scheduled by PDCCH, the ending symbol can be defined as the N-th symbol after the last symbol of the PDCCH where N symbols are the processing time for PDCCH decoding. When PUSCH with higher priority is scheduled semi-statically, the ending symbol can be defined as the M symbols before the first symbol of PUSCH with higher priority since it needs a time of M symbols to prepare the CG PUSCH. An example is shown in Figure 3. 
Proposal 4: For canceling an on-going de-prioritized PUSCH, it needs to define the ending symbol of the de-prioritized PUSCH transmission.


Figure 3 An example of ending symbol for the de-prioritized PUSCH transmission.
In most cases, URLLC PUSCH has a short duration for low latency and eMBB PUSCH has a long duration for high data rate. That is URLLC PUSCH may overlap with only a part of eMBB PUSCH as shown in Figure 4. There may be a part of eMBB PUSCH resource which is located after URLLC. How to transmit signal on the remaining resource should be considered. One solution is to continue transmitting the eMBB PUSCH originally mapped to the resource. However, it is difficult to successfully decode eMBB data at network since part of the data has been punctured. The collided eMBB TB has to transmit again. Another solution is to transmit a new data on the resource, i.e. the remaining resource is regarded as a new configured grant. This new grant has the same configuration as the grant for eMBB, such as MCS. Then an entire new TB is transmitted on the remaining resource. It should be noted that if the URLLC is transmitted on CG resource, network will not know the resource collision and cannot schedule a new dynamic grant. Besides, scheduling a dynamic grant will consume CORESET resource and improve PDCCH block rate. In most cases, adjacent grants scheduling the same service has the same configurations, e.g. MCS, since the channel state are almost unchanged. Regarding the remaining resource as a new configured grant with the same configuration as the canceled grant for can save a PDCCH overhead and improve the resource efficiency, which should be considered. 
Proposal 5: Support transmission of a new TB on the remaining resource, if any, which caused by canceling the de-prioritized PUSCH in case of UL resource conflicts.


Figure 4 Collision between eMBB and URLLC

Shorter SPS periodicities
RAN2 was agreed to support short SPS periodicities at least down to 0.5ms, and asked RAN1 on feasibility. In the RAN1#97 meeting, RAN1 reached the following agreements/conclusion on this aspect[2]. 
	Agreements:
[bookmark: OLE_LINK6]Regarding Q2 in LS from RAN2, the following is captured:
· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs
Conclusion:
RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.



In the following subsections, we provide more details on our thinking for shorter SPS periodicities. 
1.5 The minimum SPS periodicity
In RAN2, it identifies that support of even shorter periodicities (e.g. down to 2 symbols) could be useful for support of TSC traffic patterns with periodicities not aligned with NR frame structure. In addition, 2-symbol SPS periodicity is essential for for support of the very stringent latency target, e.g., 0.5ms latency target according to TR 38.825[3]. In the analysis of RAN1 impact in the next section, we find similar issues would happen for introducing both a minimum of 1-slot periodicity and 2-symbol periodicity. Thus, a minimum of 2-symbol SPS periodicity is preferred.
In addition, the same SPS periodicities as UL CG can be reused, i.e., only introducing 2 and 7 symbols for periodicities smaller than 1 slot. 
Proposal 6: Support SPS periodicities of 2-symbol and 7-symbol for all SCSs.
1.6 Possible impacts in RAN1
· Impact 1: PUCCH resources with a larger payload for SPS PDSCH






In current specification, the HARQ-ACK timing for SPS PDSCH is defined as follows: For a SPS PDSCH reception ending in slot , the UE transmits the PUCCH in slot  where  is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot  where  is provided by dl-DataToUL-ACK.
Given the current minimum SPS periodicity is 10ms, there is only one HARQ-ACK bit for one SPS transmission in a HARQ-ACK codebook, which can be carried in PUCCH format 0/1(if not overlapping with a dynamic PUCCH/PUSCH). However, if SPS periodicity is reduced, the HARQ-ACK bits corresponding to multiple SPS transmissions with the same HARQ-ACK timing k may point into the same slot, which means a larger payload of PUCCH format is needed. An example  is shown in Figure 5, which includes 3 cases with considering DL & UL SCS and multiple SPS configurations. It can be observed that this issue would happen not only for SPS periodicity of less than 1 slot, but also for SPS periodicity of 1 or even larger than 1 slot. 
[image: ]
Figure 5 An example for cases in which a larger payload of PUCCH format is needed
Therefore, both PUCCH resources for up to two bits and more than 2 bits are needed when SPS periodicity is reduced. 
Observation 3:Both PUCCH resources for up to two bits and more than 2 bits are needed for SPS transmission no matter the SPS periodicity is reduced to 1 slot or even smaller. 
Proposal 7: Support both PUCCH resources for up to two bits and more than 2 bits for SPS transmission when periodicity is reduced. 
When multiple SPS configurations are configured, it needs further study on whether configuring separate PUCCH resources or joint PUCCH resources for different SPS configurations. If separate PUCCH resources are agreed, then it needs to define the chosen PUCCH resource is derived from which SPS configuration, e.g., based on the last SPS PDSCH reception. 
· Impact 2: HARQ-ACK timing indication
Based on current specification, if slot n+k is not a uplink slot, the UE will not transmit the HARQ-ACK. This is not an issue when the SPS periodicity is no less than 10ms. Because the network can always make sure the slot n+k is an uplink slot by implementation. However, it will be very difficult or even impossible to guarantee it when SPS periodicity is reduced. For instance, a TDD configuration with a periodicity of ‘DDDDU’, where ‘D’ means a downlink slot and ‘U’ is an uplink slot, the HARQ-ACK associated for SPS PDSCH with a periodicity of 1 slot can only be in one uplink slot. That means current HARQ-ACK timing mechanism is no longer feasible. 
· Option 1: Still indicate one k value, if the indicated n+k is an DL slot, it will defer to the first available uplink slot.
· Option 2: indicate the k value for each SPS transmission in a period. 
There could be two options as given above. Option 1 is simple while it may incur imbalanced HARQ-ACK feedback, which is detrimental to PUCCH reliability for URLLC. On the other hand, Option 2 is more flexible and the HARQ-ACK timing value k can be configured properly according to the SPS configuration and DL & UL slot configuration. In our views, Option 2 is preferred. 
Proposal 8: Indicate the HARQ-ACK timing value k for each SPS transmission in a period. 
· Impact 3: Semi-static HARQ-ACK codebook
For semi-static HARQ codebook, HARQ-ACK bits in the codebook are based on the configured TDRA. The new SLIVs caused by the periodicity smaller than 1 slot may be not in the TDRA table, and should be additionally taken into account. As summarized in [4], several companies proposed that N additional HARQ-ACK bits can be added to the Type-1 codebook, where N can be calculated based on the configured SPS periodicity and the number of PUCCHs for HARQ-ACK feedback in a slot. 
However, there could be some overlaps between SPS occasion and the SLIVs in TDRA table. It means it would incur HARQ-ACK redundancy. For instance, if there are four non-overlapped PDSCH candidates derived from the TDRA table and SPS periodicity is 2-symbol, it would need 11 bits for above method, while 7 bits is sufficient for all actual possible PDSCH transmissions in this slot. The situation will get worse for multiple SPS configurations. Thus, we propose to derive the candidate PDSCHs jointly based on all SLIVs in TDRA table and all SPS transmission occasions across all SPS configurations. As for details on how to derive the candidate PDSCH from multiple overlapping PDSCHs, Rel-15 rules can be reused.  
Proposal 9: For semi-static HARQ-ACK codebook, derive the candidate PDSCHs jointly based on all SLIVs in TDRA table and all SPS transmission occasions across all SPS configurations.
· Impact 4: Dynamic HARQ-ACK codebook
For dynamic HARQ codebook, there is only one HARQ-ACK bit for SPS PDSCH reception is appended in the end of codebook in Rel-15. It is straightforward to reuse the same mechanism when SPS periodicity is reduced, i.e., dynamic HARQ codebook is constructed with one bit corresponding to each SPS PDSCH reception, and appended in the end of codebook. For HARQ-ACK for PDSCH with DCI or SPS PDSCH release, the bit order is based on the DAI
Proposal 10: For dynamic-static HARQ-ACK codebook, reuse the same HARQ-ACK codebook construction mechanism as in Rel.15. 
· Impact 5: PUCCH overhead
In Rel-15, a UE needs to feed back HARQ-ACK for every SPS occasion. When SPS periodicity is reduced to slot level or even smaller, PUCCH overhead for DL SPS HARQ-ACK would be too high. Ways to reduce PUCCH overhead such as ACK skipping(also named as NACK only) or HARQ-ACK skipping are proposed [5,6,7]. The arguments for ACK skipping is that it is beneficial in terms of power efficiency and interference reduction especially for a very low BLER target. It may also reduce PUCCH resource for PUCCH format 0 by using an SR-like signal. However, it cannot reduce PUCCH resources for other PUCCH formats, since gNB cannot predict whether the UE has successfully decoded the SPS PDSCH or not, i.e., cannot reallocate the PUCCH resource. In additional, such a new feedback mechanism may need lots of specification effort, e.g., how to handle the multiplexing of NACK-only and other UCI. For HARQ-ACK skipping, it can be used when the latency target is very low where HARQ-ACK feedback would be useless. In addition, it is also possible that a UE can determine whether there is a transmission in one SPS occasion based on either DMRS detection like uplink or the knowledge of TSN traffic characters. Above all, HARQ-ACK skipping has higher power efficiency, lower interference reduction and lower PUCCH overhead. 
Proposal 11: Study HARQ-ACK skipping feedback for SPS transmission when SPS periodicity is very small. 
Multiple simultaneous active SPS configurations for a given BWP of a UE
1.7 Use cases for multiple SPS configurations
An overview of traffic characteristics in TSN use cases is described in TR 38.825[3], in which the UE needs to handle a mixture of the following different traffic use cases:
-	multiple periodic streams, of different periodicities, of critical priority, for example multiple TSN streams coming from different applications;
-	aperiodic critical priority traffic that is the result of critical events, like alarms, safety detectors that need to be informed about the occurrence of a critical event;
-	best effort type of traffic such as eMBB traffic, internet traffic, or any other traffic supporting factory operations.
For at least the first use case, i.e. supporting different services with different periodic streams, it is similar to one of the use cases discussed for multiple CG configurations for uplink. Correspondingly, multiple SPS configurations could be used for solve the same issue for downlink. In addition, as agreed by RAN2 multiple SPS configurations could be also used for support of TSC message periodicities with non-integer multiple of NR supported SPS periodicities. For example, for 60Hz data transmission frequency, the periodicity will be 16.67ms, which cannot be expressed in multiple of symbols or multiple of sub-frames (e.g. the interval in subframe unit is not a constant, maybe 17 or 16). This misalignment would increase the air latency, e.g., if the period is set to 16ms, the second occasion for CG/SPS resources would be at the 32th subframe which is mismatched the actual arriving time 33.33ms. This could be solved by multiple CG/SPS configurations as,
{
CG/SPS config1: CG/SPS_StartSubframe = 0;    CG/SPS_Interval=50 subframe. 
CG/SPS config2: CG/SPS_StartSubframe = 16;   CG/SPS_Interval=50 subframe. 
CG/SPS config3: CG/SPS_StartSubframe = 33;   CG/SPS_Interval=50 subframe. 
}
Observation 4: Multiple SPS configurations could be used for at least following use cases:
· Use case 1: support for different services/traffic types
· Use case 2: support for TSC message periodicities with non-integer multiple of NR supported SPS periodicities.
1.8 Activation/deactivation for multiple SPS configurations
For use case 1, each configuration has independent parameters due to different service requirements. Separate DCI signaling was agreed to activate/deactivate each configuration. For use case 2, we think the main difference between different SPS configurations are the starting offsets for time domain resource and HARQ-ID offsets. The other parameters are common among different configurations. It means, separate DCI signaling to activate each configuration will cause too much indication redundancy. For instance, if the maximum number of configurations is 8, gNB may need 8 DCI signaling to activate all configurations, despite the fact that only few parameters are different. One way out is to use a common DCI to activate all the SPS configurations within a resource set simultaneously. Here, the resource set includes one or more SPS configurations and each configuration has common parameters except for the starting time and HARQ-ID offsets. For instance, gNB configures 8 SPS configurations to a UE by RRC signaling, indexed as #0~#7. MAC CE could choose the SPS configurations into different groups, as shown in Table1 below. Then, a bit field in DCI could be used to indicate which group/set of SPS configurations is activated/deactivated. Alternatively, MAC-CE signaling can be used to update some of parameters for each group, e.g., the time starting offsets. Depending on the traffic load and periodicity, the value of offsets may change over time. Compared to RRC configuration, MAC-CE can be used to update the offsets in more dynamic manner. 
Table 1 Indication of multiple SPS configurations
	Group index(states)
	Configured grant configuration index

	0
	#0 

	1
	#1

	2
	#2,#3

	3
	#4,#5,#6,#7



Proposal 12: For activation/deactivation of multiple SPS configurations, 
· using HARQ ID bit field in separate DCI to activate/deactivate each configuration for use case 1,
· using HARQ ID bit field in one DCI to jointly activate/deactivate one or more configurations for use case 2.
· The time domain offsets between multiple configurations could be updated by MAC-CE signaling. 
1.9 Resource conflicts for DL with involving SPS
· Conflicts among different multiple SPS configurations
From our understanding, there may be a case when an eMBB SPS PDSCH is still in transmission, a URLLC data arrives at the gNB and in order to guarantee latency requirement of URLLC service, gNB needs to transmit the URLLC data on a SPS PDSCH which is the most recent available PDSCH resource but conflicting with the eMBB SPS PDSCH resource in time domain. 
Observation 5: Conflicts may happen when multiple services/traffic types are transmitted simultaneously on multiple SPS configurations.  
· Conflicts among dynamic DL transmission and SPS configurations
Similarly, there may be a case that a URLLC data arrives during an on-going eMBB SPS PDSCH transmission. In order to guarantee latency performance of URLLC service, gNB needs to transmit the URLLC data by dynamic scheduling, while the scheduled resources conflicting with the eMBB SPS PDSCH resource in time domain. 
Observation 6: Conflicts may happen between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration. 
As discussed in UL resource conflicts, priority at PHY is determined by MAC layer for the purpose of PHY prioritization. 
[bookmark: OLE_LINK8]Proposal 13: For resource conflicts for DL with involving SPS transmission, priority at PHY is determined by MAC layer and deliver to PHY for the purpose of PHY prioritization. 
LS reply for RAN2 LS on propagation delay compensation for reference time information delivery 
According to RAN2 LS[8], RAN2 has discussed the topic of reference time information delivery from gNB to the UE and reached the following conclusion with respect to propagation delay compensation:
	R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.


RAN2 would like to request RAN1 for answering the following questions:
· Q1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it Timing Advance based or based on another method?
We find that all the sources [9~12] contributed to TR 38.825 for the timing synchronization error results with UE propagation delay compensation are based on Timing Advance based method. 
Answer 1: Timing Advance based method is used in RAN1 for propagation delay compensation in synchronization accuracy analysis 
· Q2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in NR Industrial IoT SI?
As specified in TS 38.825, synchronization accuracy error includes the following components. 
· Synchronization accuracy achievable over the Uu interface. The timing synchronization error over Uu without propagation delay compensation is consist of following aspects, 
· gNB transmit time alignment error (TAE): The typical value of BS timing error caused by TAE can be seen as within ±65ns. 
· DL timing estimation error (Error_DL): Simply, the downlink timing estimation error is the reciprocal value of the bandwidth of PSS/SSS signals which have 127REs. When the SCS of the SS signals equals {15KHz, 30KHz, 120KHz, 240KHz }, the DL timing estimation error is {±262ns, ±131ns, ±66ns, ±33ns}.
· Propagation delay (Pd): Assuming the cell radius is d, the propagation delay is 10*d/3 ns.
· Channel delay spread (Ds): Typically, we think TDL-D with 30ns delay spread could be used for to evaluate indoor scenarios, and TDL-C with 100ns delay spread for outdoor scenarios. 
· Synchronization accuracy between TSN GM clock and gNB. 100ns time error between TSN GM clock and gNB could be assumed for some cases based on RAN3 discussion. 
· Granularity of signalled reference timing. Currently, RAN2 agreed that the granularity of timing information provided via RRC signalling (i.e. SIB and/or unicast RRC message) will be no higher than 50 ns.
[bookmark: _Hlk2175958]From RAN1 perspective, the total synchronization error is T_error = TAE + Error_DL + Pd + Ds. It can be inferred that T_error would be larger than 1us when the cell radius d is larger than 127m for outdoor scenario. If RAN2/3 aspects are further taken into account, then the cell radius d should be less than 127m. Note, it is clarified in TS 22.104 that, the required precision of 1us is between the sync master and any device of the global time/working clock domain, i.e., the 1us synchronization precision is between gNB and UE over Uu not between UEs. Therefore, it needs to specify some propagation delay compensation requirements or enhancements. However, we think no RAN1 enhancements are needed. Detailed reasons are given below. 
As for the detailed enhancements, there are four options discussed in RAN2, which are also attached below. 
	Option 1a: Leave this up to UE implementation and do not specify any enhancements.
Option 1b: Leave this up to UE implementation but specify finer granularity of TA command to assist the UE calculation.
Option 2a: Specify in the specifications propagation delay compensation based on TA command (no TA granularity enhancements).
Option 2b: Specify in the specifications propagation delay compensation based on TA command and enhance TA granularity.
Option 3: Perform pre-compensation on the network side (up to network implementation) and add the indication in the network to UE signalling that the time information was pre-compensated. 
Option 4: Another solution.


In our views, Option 1a/1b are not preferred since up to UE implementation means UE may or may not perform the propagation delay compensation, which may lead to unguaranteed time synchronization accuracy. 
According to TS 38.825, the timing synchronization error between UE and gNB over Uu with propagation delay compensation is around 470ns~540ns for SCS of 15 kHz based on current TA granularity, and the accuracy improves for higher SCS. That means the timing synchronization accuracy of 1us could be achieved for all cases based on current TA mechanism without TA granularity enhancements. Therefore, Option 2a is sufficient, i.e. Option 2b is not needed. 
For Option 3, the difference to Option 2a is the propagation delay is pre-compensated on the network side and is transparent to UEs. But Option 3 needs to introduce a new indication in the network to UE signalling that whether the pre-compensation is performed or not, i.e. need more spec efforts. Thus, Option 2a, which also aligns previous RAN1 discussion, is more preferred. In addition, propagation delay compensation may be not needed for UEs within a smaller serving area. Then, a following-up question is whether propagation delay compensation is performed for all UEs regardless of the distance or only for UEs with a distance larger than a threshold. In our views, we prefer the former since Option 2a with current TA mechanism could be applicable for all UEs. 
Overall, if Option 2a is agreed, it is up to RAN2 to decide how to specify the propagation delay compensation based on TA command in RAN2 spec. No RAN1 enhancements, e.g., TA granularity enhancements, are needed.
Answer 2: Yes, RAN1 sees the need for specifying propagation delay compensation requirements or enhancements. But no RAN1 enhancements, e.g., TA granularity enhancements, are needed.
· Q3. If the answer to question 2 is yes, is RAN1 able to perform such work within the time frame of Rel-16?
As discussed in Q2, no RAN1 enhancements are needed. Thus, no need RAN1 to perform any work, it is up to RAN2 to decide how to specify the propagation delay compensation requirements or enhancements. 
Answer 3: No need RAN1 to perform any work, it is up to RAN2 to decide how to specify the propagation delay compensation requirements or enhancements. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: The resource conflicts between DG PUSCH and CG PUSCH needs to be resolved.
Observation 2: Conflicts among multiple configured grant PUSCH can only happen between two PUSCH with different service types/priorities.
Observation 3:Both PUCCH resources for up to two bits and more than 2 bits are needed for SPS transmission no matter the SPS periodicity is reduced to 1 slot or even smaller. 
Observation 4: Multiple SPS configurations could be used for at least following use cases:
· Use case 1: support for different services/traffic types
· Use case 2: support for TSC message periodicities with non-integer multiple of NR supported SPS periodicities.
Observation 5: Conflicts may happen when multiple services/traffic types are transmitted simultaneously on multiple SPS configurations.  
Observation 6: Conflicts may happen between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration. 
Proposal 1: For resource conflicts of CG vs DG and CG vs CG, priority at PHY is determined by MAC layer and deliver to PHY for the purpose of PHY prioritization. 
Proposal 2:  It is up to RAN2 to determine the final solution for UL grant prioritization at MAC. 
Proposal 3: For the cases of CG vs DG and CG vs CG collisions, the following method can be considered:
· The priority of a CG/DG PUSCH is associated with the priority of a HARQ_ID
· The HARQ entity indicates the priority of the HARQ_ID according to the logical channel priority to  the physical layer to transmit the PUSCH using the HARQ_ID. 
[bookmark: _GoBack]Proposal 4: For canceling an on-going de-prioritized PUSCH, it needs to define the ending symbol of the de-prioritized PUSCH transmission.
Proposal 5: Support transmission of a new TB on the remaining resource, if any, which caused by canceling the de-prioritized PUSCH in case of UL resource conflicts.
Proposal 6: Support SPS periodicities of 2-symbol and 7-symbol for all SCSs.
Proposal 7: Support both PUCCH resources for up to two bits and more than 2 bits for SPS transmission when periodicity is reduced. 
Proposal 8: Indicate the HARQ-ACK timing value k for each SPS transmission in a period. 
Proposal 9: For semi-static HARQ-ACK codebook, derive the candidate PDSCHs jointly based on all SLIVs in TDRA table and all SPS transmission occasions across all SPS configurations.
Proposal 10: For dynamic-static HARQ-ACK codebook, reuse the same HARQ-ACK codebook construction mechanism as in Rel.15. 
Proposal 11: Study HARQ-ACK skipping feedback for SPS transmission when SPS periodicity is very small. 
Proposal 12: For activation/deactivation of multiple SPS configurations, 
· using HARQ ID bit field in separate DCI to activate/deactivate each configuration for use case 1,
· using HARQ ID bit field in one DCI to jointly activate/deactivate one or more configurations for use case 2.
· The time domain offsets between multiple configurations could be updated by MAC-CE signaling. 
Proposal 13: For resource conflicts for DL with involving SPS transmission, priority at PHY is determined by MAC layer and deliver to PHY for the purpose of PHY prioritization. 
For the reply of the LS on propagation delay compensation for reference time information delivery, we suggest following response. 
Answer 1: Timing Advance based method is used in RAN1 for propagation delay compensation in synchronization accuracy analysis 
Answer 2: Yes, RAN1 sees the need for specifying propagation delay compensation requirements or enhancements. But no RAN1 enhancements, e.g., TA granularity enhancements, are needed.
Answer 3: No need RAN1 to perform any work, it is up to RAN2 to decide how to specify the propagation delay compensation requirements or enhancements. 
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