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1	Introduction 
In this first part of this paper, we discuss a response to the LS from RAN2 [1], which aims at collision handling for CGCG occasions with the same priority. In Section 3, we then share our views on handling collision for CGCG and CGDG PUSCHs with different priorities.
In the remainder of this paper, we then summarize our views on some maintenance issues that was discussed in RAN1#100e-b. Section 4 discusses receiving SPS release PDCCH for a SPS PDSCH configuration with one slot periodicity. In Section 5, we share our thoughts about Type-1 HARQ-ACK codebook construction considering newly introduced multiple pdsch-AggregationFactor. 
2	CGCG and CGDG Collision Handling with the Same Priority Level 
In [1], RAN2 points out the disparity between the decisions made by RAN1 and RAN2 to resolve a collision amongst the CG occasions associated with CG-PUSCH configurations with the same RRC based priority. In particular, as the MAC priorities are defined based on the LCH priorities, MAC may generate and send two PDUs to PHY for two overlapping CG occasions associated with the same priority. 
First, the MAC and PHY behaviors should be examined for the following two cases separately: (1) DGCG collision, and (2) CGCG collision. For Case (1), given the timeline specified in Rel. 15 for a DG PUSCH to override a CG PUSCH occasion, the UE’s MAC will only generate a single PDU; hence, there is no need for any change in this scenario.
For CGCG collisions with the same priority, considering that there are only two levels of priorities defined at the PHY layer, such collisions should not happen. In other words, even when MAC sends the second PDU, PHY will not transmit it. An alternative, more efficient, solution as also captured in [1] is to modify the MAC behavior as to avoid sending the second PDU to PHY; it should be noted again that the second PDU, even if passed to the PHY layer, will be ignored by the PHY layer. 
Another point to consider, which makes the proposed solution more desirable, is that data arrives in the UE buffer in advance; the case of data “just arrived” is a rare scenario. Hence, the UE is aware of the data availability, LCH priorities of different groups, and the possible over-the-air collisions. Hence, a UE’s MAC can avoid such collisions when needed by only generating the second, i.e., a more urgent PDU. In our view, no further optimization at the PHY layer for this scenario is required. 
Based on the explanations above, we propose a response to LS in [1] according to the following proposal:
Proposal 1: In response to the RAN2 LS [1], RAN1 should ask RAN2 to follow the first option, i.e., to ask RAN2 to change the MAC specification to accommodate the current PHY behavior for handling CGCG collision with the same RRC priority.
3	CGCG and CGDG Prioritization with Different PHY Priorities 
First, it should be noted that based on the following note under the “Others” AI in the chairman’s notes during the entire duration of the WI, the collision handling between CGCG and CGDG PUSCH was supposed to be handled in the Others AI:
“Including other aspects led by RAN2 (with RAN1 as secondary) as in RP-192324, e.g., addressing resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs, support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE, support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, support for shorter SPS periodicities than the existing ones, etc.”
However, there was no discussion on the highlighted scenarios under this AI since RAN2 was discussing the details. Hence, the agreements made in other agendas, such as UCI enhancements, cannot be generalized to cover the CGCG and CGDG collision scenarios. In particular, under the UCI enhancement AI, the only similar scenario that was considered was DGDG overlap, which was then removed since out-of-order PUSCH scheduling is not supported in Rel. 16. 
Based on the Chairman’s note copied above, we have the following observation: 
Observation 1: RAN1 did not discuss the CGCG and CGDG collision handling during the WI phase. The agreements made for prioritization under the UCI enhancement AI do not cover these new scenarios. 
For handling CGCG collisions with different priorities, in our view, the collision can be avoided by the UE’s MAC. In a realistic scenario, the UE is aware of the data availability, LCH priorities of different groups, and the possible over-the-air collision. Hence, UE’s MAC can avoid such collisions when needed by only generating the second, i.e., a more urgent PDU. Hence, no change at the PHY layer is expected.
Proposal 2: For handling CGCG PUSCH collision with different priorities, the UE’s MAC can avoid the over-the-air collision. Hence, no impact to the PHY specification is expected. 
For CGDG resource collision handling, two different cases can be considered: (1) DG-PUSCH has a low priority and CG-PUSCH has a high priority, and (2) DG-PUSCH has a high priority and CG-PUSCH has a low priority. 
Case (1) was one of the main use cases considered in RAN2 for introducing further enhancements for CGDG collision; a high priority CG-PUSCH configured with dense occasions, but data transmission is non-deterministic. For such a scenario, the network might want to schedule a PUSCH with a low priority by reusing the resources overlapping with the high priority PUSCH opportunistically. From the PHY perspective, for this scenario, the timeline introduced in Rel. 15 for DG-PUSCH overriding a CG-PUSCH should be kept. However, as it is introduced in Rel. 16 MAC specification, the UE can ignore the low priority DG-PUSCH grant in case it has a data to transmit on the high priority CG-PUSCH. This approach already allows for the transmission of the high priority data on the CG-PUSCH without any interruption. For Case 2, i.e., when the DG-PUSCH has a higher priority, the timeline defined for overriding a CG-PUSCH, especially on a carrier configured with a capability 2 timing, is small; hence, no further optimization would ne required at this stage. 
Proposal 3: For handling DGCG collision with different priorities, the Rel. 15 timelines for overriding a CG occasion using a dynamically granted PUSCH should remain unchanged. 
4	On SPS release PDCCH for a 1slot periodicity SPS configuration 
In Rel-15 and under Type1 (semi-static) HARQ-ACK codebook construction we have:
· If the UE does not indicate a capability to receive more than one unicast PDSCH per slot, then the UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot 
The purpose of this specification is to make sure that for a UE with limited capability in PDSCH reception per slot, the size of type-1 codebook is limited to (up to) 1 bit A/N per slot.
On the other hand, in Rel-16, it was agreed that the minimum periodicity for a SPS PDSCH can be down to one slot. Question is for a limited capability UE, how SPS release PDCCH can be received in the same slot that SPS PDSCH is configured to be received. Although this problem was initially discussed in RAN1 for a UE with limited capability in receiving one PDSCH per slot, we should note that the aforementioned question needs to be addressed for a UE without that capability limitation. In the last two meetings, two main options were left on the table, although no agreements were made:
· Option 1: For a given SPS configuration, if SPS release PDCCH is received in the same slot where UE is configured to receive SPS PDSCH, then only HARQ-ACK for SPS release PDCCH is generated
· Option 2: Support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs
In Option 2, for a limited capability UE, SPS release PDCCH and PDSCH can be received in the same slot, but release acknowledgement and PDSCH HARQ-ACK must be sent on different PUCCH (sub)slots. Although it seems that Option 2 would result 1bit A/N per slot per PUCCH codebook, there are few issues with this option, that can be observed as follows:
· It may need an extra PUCCH transmission
· It may add an extra k1 value for the set of K1, which itself would potentially increase Type-1 CB size
· Specification is not straightforward. For example, considering when SPS release PDCCH is received in comparison with PDSCH SLIV, specification needs to make sure that different K1 values are such that out of order HARQ-ACK is precluded
In Option 1, we have similar timeline issues that needs to be addressed. More precisely, it is important to know how late a SPS release PDCCH can be received in a slot by a UE that is configured and expecting to receive the same SPS PDSCH configuration in the same slot. Common understanding is that release PDCCH cannot end later than the last symbol of SPS PDSCH. This is to make sure UE keeps the same timeline to provide A/N, either to acknowledge release PDCCH or A/N PDSCH. Besides, to make sure gNB and UE are on the same page, regardless whether release PDCCH is detected or missed, UE does not expect K1 for release DCI and K1 for PDSCH indicate different (sub)slots for PUCCH. We should note this setting also prevents out of order HARQ-ACK issue that was mentioned before. Another question is about UE’s expectation on receiving SPS PDSCH in a slot that SPS release PDCCH is received. This is of special importance considering that UE is supposed to report only 1 bit HARQ-ACK for this slot that is a NACK representing SPS release PDCCH is missed, or ACK when release DCI is correctly detected. Imagine a non-realistic scenario where UE is configured to receive SPS PDSCH in a slot from symbol 0-6 and PDSCH was sent from symbols 0-4, then scheduler changes mind and sends SPS release PDCCH on symbols 5-6. In this case, in theory, even if release DCI is missed UE may still send ACK when SPS PDSCH is correctly decoded. To prevent such scenarios, we propose that UE does not expect to receive SPS PDSCH in a slot that release PDCCH is detected. 
Proposal 4: If Option 1 is adopted, SPS release PDCCH must end no later than the end of SPS PDSCH.
Proposal 5: If Option 1 is adopted, K1 for SPS release PDCCH and K1 for SPS PDSCH shall indicate the same (sub)slot for PUCCH and indicating the same bit location in HARQ-ACK codebook.
Proposal 6: If Option 1 is adopted, UE does not expect to receive a SPS PDSCH in a slot that SPS release PDCCH is detected.
Another issue still related to releasing a SPS configuration is about when a dynamic grant PDSCH can override a SPS PDSCH for which gNB has already sent a SPS release PDCCH. Note that in Rel-15 CR, RAN1 agreed in R1-1911663 that:
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.

To keep the same timeline procedure as in Rel-15, we propose at least one of the SPS release PDCCH or PDCCH scheduling DG-PDSCH ends at least 14 symbols before the start of SPS-PDSCH. 

Proposal 7: UE does not expect to be scheduled with a dynamic PDSCH overlapping in time with a SPS PDSCH, where none of scheduling PDCCH nor the SPS release PDCCH end sooner than 14 symbols before the start of the SPS PDSCH. 

Here we should note that even with the above proposal, missing the SPS release PDCCH by UE still may result an error case, based on Rel-15 specification. To reduce the likelihood of this event, from a system perspective, gNB should wait till it receives the HARQ-ACK for SPS release PDCCH from the UE, and then sends the PDCCH scheduling dynamic PDSCH. Alternatively, gNB should keep at least 14 symbols from the end of PDCCH scheduling DG-PDSCH and the beginning of SPS-PDSCH, regardless of SPS release PDCCH timeline. To address this issue, we propose the following. 

Proposal 8: UE does not expect to receive a PDCCH that schedules a DG-PDSCH overlapping with SPS-PDSCH, and the PDCCH ends sooner than 14 symbols before the start of the SPS-PDSCH, and the PDCCH is received before the end of the expected transmission of HARQ-ACK for SPS release PDCCH.

Fig. 1 shows an example of the timeline procedure proposed together by the two most recent proposals.
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Figure 1: Example of timeline to override a SPS-PDSCH by a dynamic PDSCH, for which SPS release PDCCH is already sent.

5	Type-1 codebook construction with multiple pdsch-AggregationFactor 
In NR Rel-15, for type 1 (semi-static) HARQ-ACK codebook we have (38.213, Sec. 9.1.2):
· The UE reports HARQ-ACK information for a PDSCH reception from slot  to slot   only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where
·  is a value of pdsch-AggregationFactor, if the UE is provided pdsch-AggregationFactor; otherwise,  
·  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format, or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. 
· If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK. 
Following Rel-15 specification, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and UE is configured with a pdsch-AggregationFactor >1, an A/N bit is generated even for a PDSCH occasion that is dropped  due to having UL symbols within the set of PDSCH symbols, in case for that PDSCH occasion, at least one of the  occasions in previous slots is not dropped due to U/D interaction. This makes a large overhead for Type-1 codebook size when a pdsch-AggregationFactor >1. See example below on how Type1 CB is constructed based on Rel-15 specification. In this example we assume UE is configured with (only one) pdsch-AggregationFactor which is 2. The set of slot timing values K1 is K1 = {1, 2, 3}. In slot n, dynamic PDSCH is dropped due to conflict with an UL symbol, and the whole slot n-2 is an UL slot. Further, we assume TDRA table contains only two (non-overlapping) SLIV rows for PDSCH, as shown in the figure. 
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[bookmark: _GoBack]Figure 2: Example of Type-1 CB in Rel-15, pdsch-AggregationFactor =2 and configured semi-static SFI.
As the figure shows, in each slot one bit is generated per candidate PDSCH and that results a large CB size. For this issue, the larger pdsch-AggregationFactor the larger codebook size. The problem is magnified in Rel-16, where it was agreed that UE can be configured with multiple SPS configurations and each DL SPS may be configured with a PDSCH aggregation factor (pdsch-AggregationFactor). Essentially, with different configured pdsch-AggregationFactor, e.g. for different SPS configurations and/or for dynamic PDSCH and SPS PDSCH, the question is what should be set for  for the purpose of constructing Type1 HARQ-ACK? Following proposal provides a solution for the aforementioned problems.
Proposal 9:  is always defined as 1 and A/N bit position for each PDSCH with repetitions is tied with the last actual PDSCH reception.
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 Figure 3: Example of Type-1 CB with , pdsch-AggregationFactor =2 and configured semi-static SFI.
Figure 3 shows Type-1 CB construction under Proposal 5, for the same example that was considered earlier. As we can see, in this example the codebook size is now reduced by half. To make sure that for a PDSCH with pdsch-AggregationFactor>1, HARQ-ACK of the last actually received PDSCH is captured in the codebook, we propose the following: 
Proposal 10: If Proposal 5 is adopted, UE does not expect to be configured with a set of slot timing values K1 that for a given PDSCH with pdsch-AggregationFactor >1, none of actual receptions is received within the set of nD slots.
6	Conclusion
Proposal 1: In response to the RAN2 LS [1], RAN1 should ask RAN2 to follow the first option, i.e., to ask RAN2 to change the MAC specification to accommodate the current PHY behavior for handling CGCG collision with the same RRC priority.
Observation 1: RAN1 did not discuss the CGCG and CGDG collision handling during the WI phase. The agreements made for prioritization under the UCI enhancement AI do not cover these new scenarios. 
Proposal 2: For handling CGCG PUSCH collision with different priorities, the UE’s MAC can avoid the over-the-air collision. Hence, no impact to the PHY specification is expected. 
Proposal 3: For handling DGCG collision with different priorities, the Rel. 15 timelines for overriding a CG occasion using a dynamically granted PUSCH should remain unchanged. 
Proposal 4: If Option 1 is adopted, SPS release PDCCH must end no later than the end of SPS PDSCH.
Proposal 5: If Option 1 is adopted, K1 for SPS release PDCCH and K1 for SPS PDSCH shall indicate the same (sub)slot for PUCCH and indicating the same bit location in HARQ-ACK codebook.
Proposal 6: If Option 1 is adopted, UE does not expect to receive a SPS PDSCH in a slot that SPS release PDCCH is detected.
Proposal 7: UE does not expect to be scheduled with a dynamic PDSCH overlapping in time with a SPS PDSCH, where none of scheduling PDCCH nor the SPS release PDCCH end sooner than 14 symbols before the start of the SPS PDSCH. 

Proposal 8: UE does not expect to receive a PDCCH that schedules a DG-PDSCH overlapping with SPS-PDSCH, and the PDCCH ends sooner than 14 symbols before the start of the SPS-PDSCH, and the PDCCH is received before the end of the expected transmission of HARQ-ACK for SPS release PDCCH.


Proposal 9:   is always defined as 1 and A/N bit position for each PDSCH with repetitions is tied with the last actual PDSCH reception.
Proposal 10: If Proposal 5 is adopted, UE does not expect to be configured with a set of slot timing values K1 that for a given PDSCH with pdsch-AggregationFactor >1, none of actual receptions is received within the set of nD slots.
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