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1 Introduction
In RAN 85 meeting, WID for IIoT was updated [1] with following contents related in RAN1.
	2.  The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].

· Address UL data/control and control/control resource collision by (L1 multiplexing of services of different priority is out of scope):

· specifying prioritization behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

3. The detailed objectives for NR TSC-related enhancements include:

· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 

· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].

· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].

· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].


     In previous RAN1 meeting, the following agreement and conclusion for IIOT on DL SPS were made [2]:
	Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 

· FFS applicability to all PUCCH formats

· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.

· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 

Conclusion:

· There is no consensus to support joint activation in a DCI for two or more SPS configurations for a given BWP of a serving cell in rel-16. 
Conclusion:

· There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 
Working assumption:

Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

· Reusing the joint release mechanism as that defined for UL type 2 CG




Moreoever, RAN 1 agreed to continue discussing when and how to apply propagation delay compensation including TDD operation aspects [3].

This contribution discusses following RAN1 issues related for IIoT: 
· Resource conflict between dynamic grant (DG) and configured grant (CG) PUSCH
· Multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE
· Remaining issues for shorter SPS periodicities than the existing ones
· Propagation delay compensation
2 Discussion
1.1 Resource conflict between dynamic grant (DG) and configured grant (CG) PUSCH 
In Rel-15 MAC specification, a UE prioritizes on dynamic grant PUSCH over configured grant PUSCH if those PUSCHs are overlapped in time. However, for a UE supporting different service types, it is not desirable to keep current operation as it is likely that gNB configures grant PUSCH resource to a UE for URLLC. So, prioritization rule should be modified or enhanced in Rel-16. 

	RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded.



It is noted that second scheduled PUSCH has a higher priority than first scheduled PUSCH wherein those scheduled PUSCHs are overlapped in time domain as above agreement in RAN2 #105. This intention can be applied to the case where there are dynamic grant PUSCH and configured grant PUSCH. So, it is possible that a UE will drop dynamic grant PUSCH and transmit configured grant PUSCH if dynamic grant PUSCH is earlier than configured grant PUSCH in view of PDU arrival time, not scheduling time. 
Basically, it is simple that MAC layer will select one of PDUs to deliver to PHY layer without making resource conflict if both PDUs are not generated yet and one of PDUs is transmitted to RAN 1. In RAN2#107, it was therefore discussed that how to handle the case where the deprioritized PDU is not generated. Following is the related agreement. 
	For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated.


So, remaining scenario to be handled is that MAC layer will send two PDUs to PHY layer in different time because latest PDU has higher priority than earlier PDU and latest PDU should be processed firstly. As explained before, it is natural that the UE will prioritize later arrived PDU rather than earlier arrived PDU when configured grant and dynamic grant are (partially) overlapped. 

 To sum up, main prioritization procedure should be done in MAC layer and PHY considers timeline between two sequential generated and received MAC PDU. For enabling this procedure, a kind of metrics or parameters related to MAC PDU generation and sending timing in PHY should be defined in PHY or MAC specification. 
Proposal 1: PHY should determine prioritization rule based on timeline for dynamic grant versus configured grant.
1.2 Multiple simultaneous active SPS configurations for a given BWP of a UE 
· Joint SPS release 
In RAN1 97 meeting, RAN1 agreed to support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell. The same mechanism should be applied to DL SPS, thus the working assumption made in last meeting of supporting joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell should be confirmed. In addition, the HARQ-ACK feedback mechanism for a DCI releasing multiple DL SPS configurations needs minor modification for the case of semi-static codebook. In Rel-15, a location in the semi-static codebook for HARQ-ACK information corresponding to a SPS release DCI is same as for a corresponding SPS PDSCH reception. To reuse Rel-15 mechanism as much as possible, one of multiple released DL SPS configurations by the same DCI can be chosen to locate the HARQ-ACK information for this SPS release DCI, e.g., choose SPS PDSCH reception of the released DL SPS configuration with the smallest configuration index.  
Proposal 2: For joint SPS release，
· Confirm the working assumption of supporting joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell reusing the joint release mechanism as that defined for UL type 2 CG. 
· In case of semi-static codebook, a location in the semi-static codebook for HARQ-ACK information corresponding to a SPS release DCI is same as for a corresponding SPS PDSCH reception with smallest SPS configuration index. 

· HARQ-ACK  feedback for multiple SPS configurations 
With the appearance of multiple SPS PDSCHs from different SPS configurations, legacy HARQ-ACK feedback has to enhance to support more than one bit of HARQ-ACK feedback of SPS PDSCHs in a PUCCH resource. 
For cases of HARQ-ACK feedback for SPS PDSCHs only (no dynamic PDSCH HARQ-ACK), PUCCH resource for HARQ-ACK is determined by a RRC configured resource. If allowing up to two SPS PDSCH receptions on a same PUCCH, PUCCH format 0/1 supported by Rel-15 NR n1PUCCH-AN is sufficient by removing the restriction of only 1 bit HARQ-ACK. For better flexibility, allowing more than two bits HARQ-ACK for SPS PDSCHs is desirable, which requires introducing PUCCH format 2/4 (no need of PUCCH format 3 as the number of simultaneous SPS PDSCH HARQ-ACK feedback is typically limited). Considering HARQ-ACK payload may vary from time to time, e.g., due to different periodicity of multiple SPS PDSCH configurations, it is desirable to dynamically select a proper PUCCH resource based on actual HARQ-ACK payload. Similar to PUCCH resource configuration for dynamic PDSCH HARQ-ACK, gNB can configure multiple PUCCH resource sets to accommodate different HARQ-ACK payload that are shared by multiple SPS PDSCH configurations. Different from PUCCH resource for dynamic PDSCH HARQ-ACK, single PUCCH resource within a PUCCH resource set is sufficient. Alternatively, gNB could configure a PUCCH resource with PUCCH format 0/1 per SPS PDSCH configuration for single HARQ-ACK feedback and additionally configure one common PUCCH resource set for HARQ-ACK of multiple SPS PDSCH configurations, which is similar to PUCCH resource configuration for multiple CSI reports. To strive for a unified solution, the first approach is slightly preferred.  
In addition to PUCCH resource determination, HARQ-ACK bit ordering should also be specified. One simple way is to order according to time domain resource of SPS PDSCH receptions, e.g. slot and symbol index. In CA case, the HARQ-ACK bit should be ordered according to SPS PDSCH time domain resource within a serving cell and then among different serving cells. 

Proposal 3: For cases of HARQ-ACK feedback for SPS PDSCHs only, 
· Introduce PUCCH format 2/4 to support more than 2 bits HARQ-ACK in addition to PUCCH format 0/1. 
· Configure common PUCCH resource sets shared by multiple SPS configurations and one of PUCCH resource set (with single PUCCH resource) is dynamically chosen according to actual HARQ-ACK payload. 
· Order HARQ-ACK bit according to SPS PDSCH time domain resource within a serving cell and then among different serving cells. 

For cases of HARQ-ACK feedback for SPS PDSCHs with dynamic PDSCH, both semi-static and dynamic codebook should be considered. For semi-static codebook, since SPS periodicity no smaller than 1 slot, determining HARQ-ACK codebook according to non-overlapped candidate PDSCH receptions as in Rel-15 is sufficient. For dynamic codebook, on top of Rel-15 HARQ-ACK codebook construction mechanism, i.e. HARQ-ACK of SPS PDSCH reception is still located after HARQ-ACK of dynamic PDSCH, the mechanism for bit order of multiple SPS PDSCH receptions discussed above is applied. 
Proposal 4: For HARQ-ACK feedback for SPS PDSCHs with dynamic PDSCHs,

· For semi-static codebook, determine HARQ-ACK codebook according to non-overlapped candidate PDSCH receptions as in Rel-15 without any enhancement.
· For dynamic codebook, on top of Rel-15 codebook construction, HARQ-ACK bits for SPS PDSCHs is ordered according to SPS PDSCH time domain resource within a serving cell and then among different serving cells.

1.3 Shorter SPS periodicities than the existing ones 

RAN1 agreed to support periodicities no less than 1 slot for SPS. The standard impact is marginal. Only the case of DL SCS larger than UL SCS needs special handling. Fortunately, HARQ-ACK enhancement discussed in section 2.2 is straightforward applicable to this different numerology case, thus no additional effort is needed. 

Observation 1: There is no additional standard impact caused by SPS periodicities down to 1 slot.
Another FFS aspect is whether to omit transmission of HARQ-ACK information, e.g., for the case the latency requirement cannot be met. This is intended to be a minor optimization as the network operation can always choose to ignore a HARQ-ACK reception as discussed in [3]. 
Observation 2: There is no need to configure a UE, or for a UE to dynamically determine, to not provide HARQ-ACK information.

1.4 Propagation delay compensation
In the analysis captured in sec. 6.3.2.4 of TR 38.825, RAN 1 assumes that Timing Advance (TA) is used to calculate the propagation delay, i.e., propagation delay = TA/2. That means that, gNB provide the TA command to align UL reception time with DL time at gNB side. However, currently, it is up to gNB’s implementation on how to align UL transmissions from different UEs and the received time at gNB side may or may not be same as DL slot/frame boundary. Especially for TDD system, both UE and gNB needs some time to switch between UL and DL. For example, UE needs some time between the end of UL transmission to the start of DL reception. Usually, this switching time is created by time advance (TA), shown as Figure 1. Similarly, gNB also needs time for switching after receiving UL to transmit DL. In both LTE and NR, NTA offset is introduced at least for TDD, which also applies to PRACH transmission when there is no TA received from eNB/gNB, i.e., NTA = 0. With applying TA= NTA offset×Tc, it can ensure that, after receiving the PRACH from UE at cell edge, there is still a gap Tg for gNB to switch to DL transmission, as well as for UE to switch to DL reception. In NR, the gap Tg is about 7~20µs depending on the frequency range and deployment mode. However, although it seems like that TA is used to compensate propagation delay and NTA offset is used to ensure the gap for switching, in current specification, there is no requirement to gNB that NTA indicated by Timing advance command is equal to 2 times propagation delay.  
In order to compensate the propagation delay, UE needs to have some assumption on the relationship between TA command and propagation delay. In order to create switching gap from UL reception to DL transmission for gNB, it is reasonable to assume that the propagation delay Tdelay = NTA ×Tc/2. In this case shown as Figure 1, a gap Tg = NTA offset×Tc can be created at gNB side after UE applies TA =( NTA + NTA offset)×Tc. The gap at UE side is Tg = (NTA offset+ NTA)×Tc.
Observation 3: Both UE and gNB needs some time for UL/DL switching for TDD system, which can be created by applying TA= NTA offset×Tc when NTA = 0.  In Rel-15 NR and LTE, it is up to gNB implementation on how to configure a proper value in TA command.  

Observation 4: If assuming Tdelay = NTA ×Tc/2 for time synchronisation, sufficient gap for switching between UL and DL (keep TA behavior as in Rel-15) can be created.  
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Figure 1
If more accuracy is needed for propagation delay compensation, enhancement with smaller granularity of TA command needs to be introduced. However, even when a new signalling with smaller granularity of “TA” command is introduced, there is no need to apply the new TA command for UL transmission timing adjustment since the current TA granularity is sufficient for UL reception.  Therefore, the new “TA” command (if introduced) can be only used for time synchronization. 

Alternatively, a dedicated signalling for propagation delay can be introduced to indicate the propagation delay for time synchronization. The granularity of this dedicated signalling can be smaller than the current TA. In additional, for timing synchronization, there is no straight requirement on when to apply. Therefore, it can be signalling to UE together with other message for time synchronization via UE specific RRC signalling. Compared with introducing a new TA command with smaller granularity, this method can save overhead and have no impact on current TA method. 
Observation 5: A new dedicated signaling for propagation delay compensation other than TA with smaller granularity is benefit if current TA granularity is not sufficient for time synchronization.  
Proposal 5: If current TA granularity is sufficient, UE assumes the propagation delay Tdelay = NTA ×Tc/2 for time synchronisation. If smaller granularity (than current TA command) for propagation delay is needed, consider to introduce a new signalling dedicated for propagation delay compensation for time synchronization. 
Moreover, as analyzed in TR 38.825, if the propagation delay is small, compensation may cause more error than the propagation delay itself. In this case, it is better not to apply propagation delay compensation. UE should be able to decide whether to apply propagation delay compensation based on the value indicated by TA command and other factors. For example, if the propagation delay is calculated based on several TA commands after PRACH, the error of propagation delay may be increased due to the accumulation of the gNB estimation error and TA adjustment since they are independent. In this case, it is better for UE to trigger a RACH to acquire a new TA. On the other hand, in the LS [3], RAN 1 believes, that it is useful to define requirements and related UE test cases for the overall time synchronization accuracy of the Uu interface, not only propagation delay compensation. In addition, since this is internal clock time synchronization at UE side, it will not have impact on the performance of air interface between UE and gNB as long as there is no change on TA adjustment. Therefore, when to apply propagation delay compensation can be up to UE implementation. 
Observation 6: Propagation delay compensation for time synchronization does not affect performance of air interface between UE and gNB. 
Proposal 6: It is up to UE implementation on when to apply propagation delay compensation. 
3 Conclusions
This contribution discussed IIoT related RAN1 issues including PUSCH resource conflict between dynamic grant and configured grant, multiple DL SPS configurations, shorter periodicity of DL SPS,  and propagation delay compensation for time synchronization. Following observations and proposals are summarized. 
Observation 1: There is no additional standard impact caused by SPS periodicities down to 1 slot.
Observation 2: There is no need to configure a UE, or for a UE to dynamically determine, to not provide HARQ-ACK information.

Observation 3: Both UE and gNB needs some time for UL/DL switching for TDD system, which can be created by applying TA= NTA offset×Tc when NTA = 0.  In Rel-15 NR and LTE, it is up to gNB implementation on how to configure a proper value in TA command.  

Observation 4: If assuming Tdelay = NTA ×Tc/2 for time synchronisation, sufficient gap for switching between UL and DL (keep TA behavior as in Rel-15) can be created.  
Observation 5: A new dedicated signaling for propagation delay compensation other than TA with smaller granularity is benefit if current TA granularity is not sufficient for time synchronization.  

Observation 6: Propagation delay compensation for time synchronization does not affect performance of air interface between UE and gNB. 
Proposal 1: PHY should determine prioritization rule based on timeline for dynamic grant versus configured grant.

Proposal 2: For joint SPS release，
· Confirm the working assumption of supporting joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell reusing the joint release mechanism as that defined for UL type 2 CG. 
· In case of semi-static codebook, a location in the semi-static codebook for HARQ-ACK information corresponding to a SPS release DCI is same as for a corresponding SPS PDSCH reception with smallest SPS configuration index. 

Proposal 3: For cases of HARQ-ACK feedback for SPS PDSCHs only, 

· Introduce PUCCH format 2/4 to support more than 2 bits HARQ-ACK in addition to PUCCH format 0/1. 

· Configure common PUCCH resource sets shared by multiple SPS configurations and one of PUCCH resource set (with single PUCCH resource) is dynamically chosen according to actual HARQ-ACK payload. 
· Order HARQ-ACK bit according to SPS PDSCH time domain resource within a serving cell and then among different serving cells. 

Proposal 4: For HARQ-ACK feedback for SPS PDSCHs with dynamic PDSCHs,

· For semi-static codebook, determine HARQ-ACK codebook according to non-overlapped candidate PDSCH receptions as in Rel-15 without any enhancement.

· For dynamic codebook, on top of Rel-15 codebook construction, HARQ-ACK bits for SPS PDSCHs is ordered according to SPS PDSCH time domain resource within a serving cell and then among different serving cells.
Proposal 5: If current TA granularity is sufficient, UE assumes the propagation delay Tdelay = NTA ×Tc/2 for time synchronisation. If smaller granularity (than current TA command) for propagation delay is needed, consider to introduce a new signalling dedicated for propagation delay compensation for time synchronization. 
Proposal 6: It is up to UE implementation on when to apply propagation delay compensation. 
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