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1	Introduction 
In this paper, we summarize our views on some maintenance issues that was discussed in RAN1#100e. Section 2 discusses receiving SPS release PDCCH for a SPS PDSCH configuration with one slot periodicity. In Section 3, we present our thoughts on the problem of collision in time among SPS PDSCHs, with and without dynamic PDSCH. Section 4 discusses about Type-1 HARQ-ACK codebook construction considering newly introduced multiple pdsch-AggregationFactor. 
2	On SPS release PDCCH for a UE with capability limited to one PDSCH per slot, configured with 1slot periodicity SPS
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. RAN1 discussed this problem in 100e where eventually two options were left on the table, although no agreements were made:
· Option 1: It is RAN1 understanding from the current specification that a UE can receive SPS PDSCH release in a slot where SPS PDSCH is to be transmitted. 
· Option 2: For a UE not indicating a capability to receive more than one unicast PDSCH per slot,
· The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH slot
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 SPS release PDCCH can be received by a limited capability UE that is configured and expecting to receive SPS PDSCH in a 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 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 SPS release PDCCH ends no later than the start of SPS PDSCH and UE does not expect to receive SPS PDSCH in a slot that release PDCCH is detected. 
Proposal 1: If Option 1 is adopted, SPS release PDCCH must end no later than the first symbol of SPS PDSCH.
Proposal 2: 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 3: If Option 1 is adopted, UE does not expect to receive a SPS PDSCH in a slot that SPS release PDCCH is detected.
3	Collision in time among SPS PDSCHs, with or wo dynamic PDSCH
In RAN1#100e, there was some discussion on resloving collision in time among SPS PDSCHs, without any PDCCH correspondance. Two options were mainly considered, as follows: it was agreed that:
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
· Option 1: A UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs on the same serving cell. 
· A SPS PDSCH belongs to a group of overlapping SPS PDSCHs
· If its SLIV is within the starting symbol of the first SPS PDSCH in that group, and the last symbol of the last SPS PDSCH in that group, and
· If this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot, and
· If the starting and ending symbols of this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot if the SPS PDSCH is neither the first nor the last SPS PDSCH in the group
· Option 2: A UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell according to the following procedure.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within Q, set j=j+1. Designate the received SPS PDSCH as survivor SPS PDSCH.
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCH(s) overlapping, even partially, the survivor SPS PDSCH are excluded from Q. 
· Step 3: Repeat step 1 and 2 until the group is empty or j≥N, where N is the number of unicast PDSCHs in a slot supported by the UE
Both options are common in giving priority to SPS PDSCH configurations with lowest index. The difference is on how overlapping groups are identified, from which the SPS configuration with the lowest index within each group will survive. Option 2 has a hierarchical similar to UE procedure in consructing type-1 CB, where overlapping intime among TDRA values are resloved. Thus, in our view, Option 2 is a bit more preferred, although both options should work eventually.
The main problem that we would like to discuss in this section, is about the case of a dynamic scheduled PDSCH and  and multiple SPS PDSCHs are overlapped in time domain. This issue was also discussed in RAN1#100-e, although no agreements was made. The following options are left for consideration:,
· Option 1: At first, the UE resolves overlapped multiple SPS PDSCHs (first step) and then resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
· Option 2: Under the assumption that dynamic scheduled PDSCH is considered as the lowest SPS PDSCH index, UE resolves overlapping between dynamic scheduled PDSCH and multiple SPS PDSCHs at the same time.
It is most straightforward if UE resloves the collision among SPS PDSCHs first, e.g. only SPS PDSCH with the lowest configuration index is expected to be received, and then resolves overlapping in time, if any, between SPS PDSCH and dynamic PDSCH. 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.
 
Proposal 4:  Follow Rel-15 for the time required between start of SPS PDSCH and end of PDCCH scheduling dynamic PDSCH, that overlaps in time with the SPS PDSCH.
4	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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Figure 1. 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 5:   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 2. Example of Type-1 CB with , pdsch-AggregationFactor =2 and configured semi-static SFI.
Figure 2 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 6: 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.

5	Conclusion
Proposal 1: If Option 1 is adopted, SPS release PDCCH must end no later than the first symbol of SPS PDSCH.
Proposal 2: 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 3: If Option 1 is adopted, UE does not expect to receive a SPS PDSCH in a slot that SPS release PDCCH is detected.
Proposal 4:  Follow Rel-15 for the time required between start of SPS PDSCH and end of PDCCH scheduling dynamic PDSCH, that overlaps in time with the SPS PDSCH.
Proposal 5:   is always defined as 1 and A/N bit position for each PDSCH with repetitions is tied with the last actual PDSCH reception.  
Proposal 6: 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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