	
3GPP TSG RAN WG1 Meeting #100	R1-2000407
e-Meeting, February 24th – March 6th, 2020

Agenda item:		7.2.5.7
[bookmark: _GoBack]Source:		Nokia, Nokia Shanghai Bell
Title:	Maintenance of Rel-16 URLLC/IIoT SPS enhancements
Document for:		Discussion and Decision
1	Introduction
In this contribution, we summarize our input to the maintenance discussions on SPS enhancements of Rel-16 URLLC & IIoT enhancements. Section 2 discusses identified issues and related text proposals, whereas Section 3 presents additional Rel-16 SPS-related enhancements. 	
2	Remaining issues of Rel-16 SPS enhancements
2.1 PUCCH resource determination for one or multiple active configurations (38.213, Sec. 9.2.1 and 9.2.3)
When reporting HARQ-ACK feedback corresponding to one or more SPS PDSCH receptions (no dynamic PDSCH), the PUCCH resource is determined from:
· SPS-PUCCH-AN-List, if the UE is provided more than one active SPS PDSCH configurations (38.213, Sec. 9.2.1).

· n1PUCCH-AN, if the UE is provided a single active SPS PDSCH configuration (38.213, Sec. 9.2.3).
In other words, the PUCCH resource determination is based only on the number of active SPS configurations, independently on the total number of configured SPS configurations for the UE. When a UE is configured with multiple SPS configurations, the PUCCH resource determination may be ambiguous during the transition from one to two active SPS configurations (triggered by SPS activation DCI), or from N≥2 to only 1 active SPS configuration (triggered by single or joint SPS release). 
Figure 1 shows an example where a UE, which is operating with one active SPS configuration (SPS #1), receives an SPS activation DCI for a second SPS configuration (SPS #2). With current specifications, it is unclear the point in time where the UE shall switch from n1PUCCH-AN to SPS-PUCCH-AN-List for the PUCCH resource determination. Example interpretations could be: from slot 1, when the initial PDSCH of the second SPS configuration is received; from slot 5, after the initial PDSCH of the second SPS configuration is acknowledged; or on a slot 5 + X to consider some processing time at the gNB and/or UE. There would also be a problem if the activation DCI for the 2nd SPS configuration is not received correctly by the UE, in which case UE would continue to use n1PUCCH-AN, while gNB would assume the UE uses SPS-PUCCH-AN-List. 
There is a similar issue when SPS release DCI results in a single active SPS configuration, in which case the exact time when the UE shall switch from SPS-PUCCH-AN-List to n1PUCCH-AN is not defined.
[image: ]
Figure 1. Illustration of PUCCH resource determination ambiguity
To avoid this ambiguity, it is preferred that the PUCCH resource determination is based only on higher-layer configuration. The following two options are possible:
1. the PUCCH resource (set) is determined based on the number of SPS configurations configured (provided by higher-layer signaling), regardless of the number of active SPS configurations at a given time instant; that is, n1PUCCH-AN is used if only one SPS configuration is provided, or SPS-PUCCH-AN-List is used if multiple SPS configurations are provided. 

2. SPS-PUCCH-AN-List is always used for PUCCH resource determination, if provided. 
With respect to Figure 1, for either of the two options, PUCCH resource will not change when activating the second SPS configuration (while the payload may increase from 1 to 2 bits depending on k1 value). The main difference between these two options is for the case when a Rel-16 UE is provided with a single SPS configuration. In Option 1, UE is forced to use n1PUCCH-AN for the PUCCH resource determination, whereas Option 2 allows to use instead SPS-PUCCH-AN-List, if provided. We see Option 2 as a simpler and more logical solution since it allows to do PUCCH resource determination in the same way regardless of the number of provided SPS configurations for a UE, and no additional PUCCH resource parameters need to be configured when the number of SPS configurations changes. 
Proposal 1: The PUCCH resource for SPS is determined based on SPS-PUCCH-AN-List once it is configured, regardless of the number of active SPS configurations. Adopt the following text proposals/corrections in Section 9.2.1 and 9.2.3 of TS 38.213 with changes marked in red:
	TP to TS 38.213, Sec. 9.2.1 PUCCH Resource Sets:
[bookmark: _Ref498101660][bookmark: _Toc12021476][bookmark: _Toc20311588][bookmark: _Toc26719413][bookmark: _Toc29894848][bookmark: _Toc29899147][bookmark: _Toc29899565][bookmark: _Toc29917302]9.2.1	PUCCH Resource Sets
[bookmark: _Hlk30423051]<Unchanged text is omitted>
[bookmark: _Hlk30423142]If the UE is provided with higher-layer parameter SPS-PUCCH-AN-List more than one active SPS PDSCH configurations and transmits  UCI information bits that include only HARQ-ACK information bits in response to one or more SPS PDSCH receptions, the UE is provided by SPS-PUCCH-AN-List a set of PUCCH resources and determines a PUCCH resource to be 
-	a PUCCH resource with SPS-PUCCH-AN-ResourceID = 0 if , or
-	a PUCCH resource with SPS-PUCCH-AN-ResourceID = 1, if provided, if  where  is either provided by maxPayloadSize in SPS-PUCCH-AN-List for SPS-PUCCH-AN-ResourceID = 1 or is otherwise equal to 1706, or
-	a PUCCH resource with SPS-PUCCH-AN-ResourceID = 2, if provided, if  where  is either provided by maxPayloadSize in SPS-PUCCH-AN-List for SPS-PUCCH-AN-ResourceID = 2 or is otherwise equal to 1706, or
-	a PUCCH resource with SPS-PUCCH-AN-ResourceID = 3, if provided, if  where  is equal to 1706.



	TP to TS 38.213, Sec. 9.2.3 UE procedure for reporting HARQ-ACK:
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304]9.2.3	UE procedure for reporting HARQ-ACK
<Unchanged text is omitted>
[bookmark: _Hlk30423104]If a UE is not provided with higher-layer parameter SPS-PUCCH-AN-List provided a single active SPS PDSCH configuration and transmits HARQ-ACK information corresponding only to a PDSCH reception without a corresponding PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK information is provided by n1PUCCH-AN.
<Unchanged text is omitted>



2.2 SPS PDSCH Release for UEs with single PDSCH decoding per slot capability (38.213, Sec. 9.1.2.1)
The Type-1 HARQ-ACK codebook construction pseudocode in Sec. 9.1.2.1 of TS 38.213 specifies the following: 
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;

For such UE capability, it is thus not possible to release a SPS configurations when a Rel-16 UE with enhanced SPS support is configured to receive SPS PDSCH on every slot and Type-1 HARQ-ACK codebook is configured. 
In our understanding, the highlighted limitation is due to the pruning mechanism in the Type-1 codebook construction for such UE capability, where only one HARQ-ACK bit is generated per slot, whereas there is no actual limitation for the UE to decode a PDSCH and a DCI (including SPS release DCI) in the same slot. 
To solve this issue, a simple modification is to mandate the use of a different k1 timing value for the PDSCH and SPS release occurring in the same slot. This is illustrated in Figure 2, where a UE receives in slot 1 a SPS PDSCH and a SPS Release DCI with associated k1=1 slot and k1=2 slots, respectively. UE reports HARQ-ACK feedback for the SPS PDSCH in slot 2 (single-bit report due to SPS reception only) and reports HARQ-ACK feedback for the SPS Release in slot 3 (single-bit feedback in the provided example, although it may also be multiplexed with other HARQ-ACK feedback bits in a Type-1 HARQ-ACK codebook).
[image: ]
Figure 2. Example HARQ-ACK feedback timing to allow SPS PDSCH and SPS release on same slot for UEs with single PDSCH decoding per slot capability
To ensure Rel-15 compatibility, the proposal of allowing SPS PDSCH and SPS release on same slot if these are associated with different k1 value is conditioned on the UE support for Rel-16 extended SPS periodicities or multiple SPS configurations.
Proposal 2: Adopt the following text proposal/correction to Section 9.1.2 of TS 38.213 in order to allow SPS PDSCH and SPS release on same slot for Rel-16 UEs with single PDSCH decoding capability per slot. Changes are marked in red:

	TP to TS 38.213, Sec. 9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged text is omitted>
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
If the UE indicates the capability of [extendedSPS-Periodicities or multipleSPSconfig], the UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same slot timing value k1; otherwise tThe UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
<Unchanged text is omitted>



3	Additional enhancements for Rel-16 SPS 
3.1 Overwriting of SPS PDSCH with dynamic grant
Current specifications allow the use of a dynamic grant to override a SPS PDSCH occasion. This is particularly useful in the case of colliding SPS occasions, where the dynamic granted resources could indicate resources equivalent to the sum of the resources occupied by the SPS occasions. However, one limitation, coming from Rel-15 is that “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”. We believe that for Rel-16, the requirement of 14 symbols is too restrictive to allow a dynamic PDSCH to be scheduled on overlapping SPS PDSCH allocations, considering that this is for the support of URLLC. Given that there should not be no preparation needed for decoding SPS, as long as the UE decodes the DCI before SPS starts, there should not be any interruption required in UE processing. In this sense, the required number of symbols only needs to consider the DCI decoding time, and it should be much smaller than PDSCH processing time Tproc,1. Given that PDSCH processing time consists of PDCCH decoding time and PDSCH decoding time, and PDSCH decoding typically takes longer than PDCCH decoding, we therefore propose to reduce the time between the PDCCH scheduling the dynamic grant and the SPS PDSCH to Tproc,1/2, where Tproc,1 is  the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. To ensure Rel-15 compatibility, this is only applicable if the UE indicates support for this new capability which we denote as [fast_SPS_PDSCH_overwriting] in the text proposal below.
Proposal 3: For Rel-16, reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH to Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. Adopt the following text proposal/correction to Section 5.1 of TS 38.214 with changes marked in red:

	[bookmark: _Hlk32344565]TP to TS 38.214, Sec. 5.1 UE procedure for receiving the physical downlink shared channel
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267]5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
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 T14 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. The value of T equals Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability according to Subclause 5.3 assuming d1,1=0 if the UE indicates [fast_SPS_PDSCH_overwriting] capability, otherwise T=14 symbols.
<Unchanged text is omitted>



4	Conclusions
In this contribution, we discuss the identified clarifications and additions on SPS enhancements with respect to the Rel-16 URLLC & IIoT WIs. These are summarized in the following proposals:
Proposal 1: The PUCCH resource for SPS is determined based on SPS-PUCCH-AN-List once it is configured, regardless of the number of active SPS configurations. Adopt the proposed text proposals/corrections in Section 9.2.1 and 9.2.3 of TS 38.213.
Proposal 2: Adopt the proposed text proposal/correction to Section 9.1.2 of TS 38.213 in order to allow SPS PDSCH and SPS release on same slot for Rel-16 UEs with single PDSCH decoding capability per slot.

Proposal 3: For Rel-16, reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH to Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. Adopt the proposed text proposal/correction to Section 5.1 of TS 38.214.
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