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Introduction
In this contribution, we discuss the remaining issues related to SPS enhancements, mainly including
· UE reception behavior in case of PDSCH collision
· Collision in the time domain among SPS PDSCHs each without a corresponding PDCCH
· Collision in the time domain between dynamic scheduled PDSCH and multiple SPS PDSCHs 
· HARQ-ACK feedback in case of collision in the time domain between dynamic scheduled PDSCH and multiple SPS PDSCHs.
· Type 1 HARQ-ACK codebook in case of SPS PDSCH release and unicast PDSCH in a same slot
UE reception behavior in case of PDSCH collision
In RAN1#100 e-meeting, there are two scenarios discussed for PDSCH collision as shown below [1]. 
· Scenario 1: Collision in the time domain among SPS PDSCHs each without a corresponding PDCCH.
· Scenario 2: Collision in the time domain between dynamic scheduled PDSCH and multiple SPS PDSCHs 
In the following, we provide our views on UE reception behavior for above two scenarios.
1.1  Scenario 1: Collision in the time domain among SPS PDSCHs each without a corresponding PDCCH.
In Scenario 1, the following two collision cases as shown in Figure 1 were discussed during previous meetings. Regarding collision case 1 with only two overlapping PDSCHs, it is clear that a UE will only receive and generate the HARQ-ACK for the SPS PDSCH with the lowest SPS configuration index, i.e., SPS PDSCH #1. From gNB perspective, gNB will not transmit any data on SPS PDSCH #2. Then, a following question is why gNB would configure two SPS PDSCHs overlapping in the time domain? We don’t identify any motivation to do this.  On top of collision case 1, it doesn’t make sense that gNB would configure collision case 2, where gNB can never use SPS PDSCH #3 since the UE will not receive any data on it. 
Above case1 and case2 are not desirable, especially if multiple SPSs have the same periodicity. When multiple SPSs have different periodicities, different SPS PDSCHs should be time-divided as much as possible to avoid overlapping each other. Even such corner case happens when the SPS has different periodicities, the simplest method is the UE only receives the SPS PDSCH with the smallest index. If there are more PDSCHs to be transmitted, then gNB can dynamically schedule PDSCH on the SPS resources with larger index.
[image: ]
Figure 1 Collision cases among SPS PDSCHs each without a corresponding PDCCH.

Observation 1: If a UE only requires to receive and generate the HARQ-ACK for the SPS PDSCH with the lowest SPS configuration index, it doesn’t make sense for gNB to configure more than one SPS PDSCH configurations on a serving cell which are partially or fully overlapping in time.
Proposal 1: gNB should try to avoid configuring more than one SPS PDSCH configurations on a serving cell which are partially or fully overlapping in time. Even such corner case happens, no further optimization is needed.  
1.2 Scenario 2: Collision in the time domain between dynamic scheduled PDSCH and multiple SPS PDSCHs 
The following collision cases as shown in Figure 2 were discussed during previous meetings.
In Rel-15, a DG PDSCH can override SPS PDSCH if the PDCCH scheduling the DG PDSCH ends at least 14 symbols before the start of the SPS PDSCH, as the spec copied below. It allows gNB a flexibility to schedule the data in a more adaptive DG PUSCH in case of SPS PDSCH no longer fit in the data or channel condition. 
	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.



[image: ]
Figure 2 Collision cases between dynamic scheduled PDSCH and multiple SPS PDSCHs
In Rel-16, a similar rule can be reused. That is, a DG PDSCH can be scheduled to be overlapping with one or more SPS PDSCHs in time at least when the DG PDSCH has the same or higher priority than the SPS PDSCHs. But it needs to further clarify the UE behavior in case the DG PDSCH has the lower priority than the SPS PDSCHs. There could be two alternatives as follows.
· Alternative 1: A UE is not expected to receive a DG PDSCH overlapping with one or more SPS PDSCHs in time if the DG PDSCH has a lower priority than the SPS PDSCHs.
· Alternative 2: A UE shall receive the DG PDSCH as long as the Rel-15 timeline are satisfied, regardless of the priority indication. 
In our view, alternative 2 gives the network more flexibility, e.g, the network can schedule low priority transmission before releasing the SPS PDSCH when network finds there will no high priority traffic on SPS occasions anymore. 
Observation 2: A DG PDSCH can be scheduled to be overlapping with one or more SPS PDSCHs in time.
In the collision case3, UE should receive DG PDSCHs and drop SPS PDSCHs that overlap with DG PDSCH firstly, and then the remaining SPS PDSCHs (if any) should be handled as the only SPS PDSCHs collision.
Proposal 2: For the collision in the time domain between dynamic scheduled PDSCH and multiple SPS PDSCHs:
· If a DG PDSCH overlaps with one or more SPS PDSCHs in time, the UE shall receive the DG PDSCH when the Rel-15 timeline are satisfied, regardless of the priority indication, and drop the multiple SPS PDSCHs.
· The remaining SPS PDSCHs (if any) should be handled as the only SPS PDSCHs collision (if any).

HARQ-ACK codebook associated with only SPS PDSCH reception
1.3 Type-1 HARQ-ACK codebook for only a SPS PDSCH reception
In Rel-15, in order to reduce the Type-1 codebook overhead, when the gNB actually transmits only a DG PDSCH or only a SPS release or only a SPS PDSCH, the gNB expects that the UE generates HARQ-ACK information only for the DG PDSCH or only the SPS release or only the SPS PDSCH, instead of generating a Type-1 HARQ-ACK codebook according to TDRA (Rel-15 mechanism). Correspondingly, the UE receives only a DG PDSCH or only a SPS release or only a SPS PDSCH, and the UE generates HARQ-ACK information only for the DG PDSCH or only the SPS release or only the SPS PDSCH. The corresponding specifications are in section 9.1.2 of TS 38.213vf90, as specified below.
	9.1.2	Type-1 HARQ-ACK codebook determination
...
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1 on the PCell, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH reception


within the  occasions for candidate PDSCH receptions as determined in Subclause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH reception according to corresponding  occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1; otherwise, the procedures in Subclause 9.1.2.1 and Subclause 9.1.2.2 for a HARQ-ACK codebook determination apply.


In RAN1# 99 meeting, the following agreement was reached.
	Agreement
If the UE is configured with more than one SPS PDSCH configurations, for cases where only HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH shall be reported (i.e. no HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release
· HARQ-ACK bit order for SPS PDSCH reception without a corresponding PDCCH is determined 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index


In Rel-16, if a HARQ-ACK codebook is associated with only multiple SPS PDSCHs, then the HARQ-ACK codebook is constructed in accordance with the pseudo-code of section 9.1.2 of TS 38.213vg10, as specified below. Compared to Rel-15, major differences are highlighted.
	9.1.2	Type-1 HARQ-ACK codebook determination
...
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH receptions
within the [image: ] occasions for candidate PDSCH receptions as determined in Clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH receptions according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to SPS PDSCH receptions are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configuration configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH reception on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if UE is configured to receive a SPS PDSCH in slot  for SPS PDSCH configuration  on serving cell , and the SPS PDSCH is required to be received among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214]
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while


Compared with Rel-15, the main difference is that when gNB only transmits a SPS PDSCH and the UE only receives a SPS PDSCH, and the UE still generates a Type-1 HARQ-ACK codebook according to the configured SPSs. In this way, the HARQ-ACK codebook overhead may be relatively large, instead of one HARQ-ACK information bit. For example, 4 SPSs are configured for the UE, but the gNB actually only transmits a SPS PDSCH. At this time, the UE still needs to generate 4 HARQ-ACK information bits. The best way for this situation is that the gNB only transmits a SPS PDSCH, and the UE should generate only one HARQ-ACK information bit to reduce overhead. That is, the Rel-15 mechanism is reused.
For the case where the gNB actually transmits multiple SPS PDSCHs, and UE receives only multiple SPS PDSCHs, it is reasonable that the UE generates a Type-1 HARQ-ACK codebook according to the configured SPSs. 
Based on above, we have the following proposal and corresponding text proposal below.
Proposal 3: For the case of receiving only SPS PDSCH:
· For the case of receiving only a SPS PDSCH, the UE generates one HARQ-ACK information bit (reuse Rel-15).
· For the case of receiving only multiple SPS PDSCH, the UE generates a Type-1 HARQ-ACK codebook according to the case of only SPS PDSCHs (consistent with agreement).
· Adopt Text Proposal 1 for Section 9.1.2 in TS 38.213. 
--------------------------------------------Text Proposal 1 for Section 9.1.2 in TS38.213vg10--------------------------------
	9.1.2	Type-1 HARQ-ACK codebook determination
<unchanged text omitted>
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH reception(s)
within the [image: ] occasions for candidate PDSCH receptions as determined in Clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH receptions according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to SPS PDSCH receptions are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<unchanged text omitted>



1.4 Type-1 HARQ-ACK codebook in PUSCH
We think that a similar modification should be added for the transmission of the HARQ-ACK codebook in PUSCH, in section 9.1.2.2 of TS38.213vg10, but it is currently missing.
When the HARQ-ACK codebook is in a PUSCH, the DAI in the UL grant corresponding to the PUSCH can provide an accurate indication in order to inform the UE about the construction method of the HARQ-ACK codebook. However, if the UE receives only multiple SPS PDSCHs, it needs to clarify that whether the UE should generate HARQ-ACK codebook. We think it is straightforward that the DAI value in the UL grant should be set to 0, which is used to indicate that the HARQ-ACK codebook is constructed according to the case of only SPS PDSCHs. For example, when the UE determines that the HARQ-ACK codebook is only associated with multiple SPS PDSCHs, and the DAI value is 0, the UE will determine that the HARQ-ACK codebook is constructed according to the case of only SPS PDSCHs. If the value of DAI is 1, the UE will determine that the HARQ-ACK codebook is constructed according to the TDRA table (Rel-15 mechanism). In this way, even if the DG PDSCH is missed, it will not cause the UE to misunderstand the HARQ-ACK codebook construction method required by the base station, thereby enhancing the robustness of the system.
[bookmark: _GoBack]Based on above, we have the following proposal and corresponding text proposal below.
Proposal 4: If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, and if [image: ] is in the DCI format 0_1, and the UE receives only multiple SPS PDSCHs, then the UE generates a Type-1 HARQ-ACK codebook according to the case of only SPS PDSCHs.
· Adopt Text Proposal 2 for Section 9.1.2.2 in TS 38.213. 

------------------------------------------Text Proposal 2 for Section 9.1.2.2 in TS38.213vg10 ------------------------------
	9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then 
-	if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ_feedback timing indicator field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format, in any of the [image: ] occasions for candidate PDSCH receptions by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any serving cell [image: ], as described in Clause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, unless the UE receives only a SPS PDSCH release, or only SPS PDSCH reception(s), or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the [image: ] occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Clause 9.1.2.
A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.
A UE does not expect to detect a DCI format switching a DL BWP within [image: ] symbols prior to a first symbol of a PUSCH transmission where the UE multiplexes HARQ-ACK information, where [image: ] is defined in [6, TS 38.214]. 
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is [image: ] except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when [image: ] unless the UE receives only a SPS PDSCH release, or only a SPS PDSCH(s), or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the [image: ] occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Clause 9.1.2. [image: ] if the DAI field in DCI format 0_1 is set to '0'; otherwise, [image: ].




Type 1 HARQ-ACK codebook in case of SPS PDSCH release and unicast PDSCH in a same slot
For Type-1 HARQ-ACK codebook in Rel-15, a UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot if the UE does not indicate a capability to receive more than one unicast PDSCH per slot, as specified below. 
	if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;



In RAN1#100 e-meeting, the above restriction has been discussed [3]. It is a common understanding that the reason for adding the restriction is to avoid HARQ-ACK feedback issue, so that there is only a single HARQ-ACK bit for each slot. It is not problematic for a gNB in Rel-15 to find a slot not transmitting unicast PDSCH to transmit SPS release. However, some companies think it is impossible to transmit an SPS release in case of SPS configuration with 1-slot periodicity. During the discussion, there are two options on the solutions are raised.
· Option 1: Up to gNB implementation (no spec change), e.g., 
· Implementation 1: The SPS PDSCH release and unicast PDSCH in a same slot are associated with different PUCCH slots.
· Implementation 2: One slot SPS periodicity and type-1 HARQ-ACK codebook are not simultaneously configured.
· Implementation 3: gNB can transmit SPS PDSCH release before the SPS transmission occasion in a slot. In such case, gNB doesn’t transmit SPS PDSCH. The UE is required to check SPS PDSCH release in a slot with activated SPS transmission occasion. 
· Option 2: Explicitly specify one or more restrictions (spec change), e.g. 
· Restriction 1: A UE is not expected to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH slots.
· Restriction 2: A UE is not expected to configure one slot SPS periodicity and type-1 HARQ-ACK codebook simultaneously.
· Restriction 3: Specify the latest PDCCH monitoring occasion the release can be sent so that the SPS PDSCH in that slot is regarded as ‘not received’. Our understanding is that, when the UE finishes the decoding of SPS PDSCH, the UE would also have finished the decoding of SPS release. Thus, the UE will not generate the HARQ-ACK of the SPS PDSCH before preparing the PUCCH transmission. In other words, as long as the SPS PDSCH release is transmitted before the SPS PDSCH in the same slot, the SPS PDSCH in that slot should be regarded as ‘not received’. So, this restriction could be regarded: A UE is not expected to receive a SPS release later than the SPS PDSCH in the same slot.  
Based on above discussion, there could be different implementation methods for gNB to handle this issue. There is no need to restrict gNB to some of these methods. Thus, we propose that,
 Proposal 5: For Type-1 HARQ-ACK codebook in Rel-16, the same rule as in Rel-15 is applied (with no spec change) if the UE does not indicate a capability to receive more than one unicast PDSCH per slot. 

Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: If a UE only requires to receive and generate the HARQ-ACK for the SPS PDSCH with the lowest SPS configuration index, it doesn’t make sense for gNB to configure more than one SPS PDSCH configurations on a serving cell which are partially or fully overlapping in time.
Observation 2: A DG PDSCH can be scheduled to be overlapping with one or more SPS PDSCHs in time.
Proposal 1: gNB should try to avoid configuring more than one SPS PDSCH configurations on a serving cell which are partially or fully overlapping in time. Even such corner case happens, no further optimization is needed.  
Proposal 2: For the collision in the time domain between dynamic scheduled PDSCH and multiple SPS PDSCHs:
· If a DG PDSCH overlaps with one or more SPS PDSCHs in time, the UE shall receive the DG PDSCH when the Rel-15 timeline are satisfied, regardless of the priority indication, and drop the multiple SPS PDSCHs.
· The remaining SPS PDSCHs (if any) should be handled as the only SPS PDSCHs collision (if any).
Proposal 3: For the case of receiving only SPS PDSCH:
· For the case of receiving only a SPS PDSCH, the UE generates one HARQ-ACK information bit (reuse Rel-15).
· For the case of receiving only multiple SPS PDSCH, the UE generates a Type-1 HARQ-ACK codebook according to the case of only SPS PDSCHs (consistent with agreement).
· Adopt Text Proposal 1 for Section 9.1.2 in TS 38.213. 
Proposal 4: If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, and if [image: ] is in the DCI format 0_1, and the UE receives only multiple SPS PDSCHs, then the UE generates a Type-1 HARQ-ACK codebook according to the case of only SPS PDSCHs.
Proposal 5: For Type-1 HARQ-ACK codebook in Rel-16, the same rule as in Rel-15 is applied (with no spec change) if the UE does not indicate a capability to receive more than one unicast PDSCH per slot. 
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