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Introduction
The following proposal for time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format was discussed online and offline, but no consensus was achieved. 
Proposals:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· The new reference is applied for TDRA entries with K0=0, otherwise the reference is slot boundary as in Rel-15

Company positions for the original candidate proposals are copied below for your convinience: 
-------------------------------------------------------------------------------------------------------------------------
· Option 1: Changing the reference from slot boundary to some PDCCH symbol (e.g. the starting symbol of PDCCH) 
· Support: Nokia, Qualcomm, Huawei, MTK, Vivo, Spreadtrum, Panasonic, OPPO, Samsung, DCM, ZTE, Vivo, CATT, Sony, WILUS

· Applied if K0=0, otherwise the reference is slot boundary as in Rel-15
· Support: Sony, WILUS, CATT

· Reason: For a same PDSCH duration, different SLIVs will be needed to schedule PDSCH that start at different symbols in a slot, which will increase the number of entries need to be indicated thus require more number of bits for time domain resource assignment. With changing the reference to PDCCH, then much less SLIVs to be indicated. 
	TD-RA allocation Length
	#PDCCH MOs = 2
	#PDCCH MOs = 4
	#PDCCH MOs = 7

	Any Length (1-14 OS)
	0
	1
	2

	7 OS
	0
	1
	2

	4 OS
	1
	2
	3

	2 OS
	1
	2
	3



· Option 2: Use slot boundary as a SLIV reference for TDRA as in Rel-15  
· Support: Ericsson 

· Reasons 
· The reduction (e.g. 1 bit) may not be too much
· Only applied to the case of same slot scheduling 
· Need an indicator on whether the reference is based on slot boundary or the new reference
-------------------------------------------------------------------------------------------------------------------------
[bookmark: OLE_LINK26]The objective of this email discussion/approval [98b-NR-22] is to discuss and approve the proposals in section 2.  
Proposals to be discussed and approved  
Per the guidance from the Chairman, the following proposal #1 is to be discussed/approved by this email discussion:     
Proposal #1:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· The new reference is applied for TDRA entries with K0=0, otherwise the reference is slot boundary as in Rel-15

	Company
	View

	Nokia
	Support but the second bullet. We don’t see any problem supporting the new reference with K0>0 case. 

	CATT
	We support the proposal. The problem of supporting the new reference with K0>0 is gNB has to configure more arrays which indicate the same starting symbol in different slot if cross slot scheduling happens. One example is shown in the following figure. In order to indicate a same PDSCH in the next slot, gNB has to configure more (S,L) combinations.


Secondly, the S+L may be larger than 14 and the determination of SLIV where assuming S+L<14 has to be further studied.

	Samsung 
	Fine with this proposal. For type 1 HARQ-ACK codebook, it is likely that new reference may affect to determine the codebook generation. So, it is better to new reference is only applicable for type 2 HARQ-ACK codebook as a compromised version in order not to make additional specification efforts. 

	ZTE
	Support 
As summarized by FL, 3bits in DCI could be saved in case of scheduling with 2 OS duration and number of MO in a slot is 7, which is a very typical URLLC scheduling case. Compared to other configurable bit fields, this proposal can reduce DCI overhead a lot without losing flexibility for typical URLLC scheduling with PDSCH mapping type B.  
As for the problem supporting the new reference with K0>0 case, we share the same view as CATT. 

	WILUS
	We support this proposal. One considering point is whether to support type-1 HARQ-ACK codebook with the new reference point. At this late stage of Rel-16, we share the same view as Samsung, i.e., the new reference point is only applicable for type-2 HARQ-ACK codebook.

	LGE
	We are fine with this proposal as compromise. Basically, new reference is beneficial only when TDRA has short K0 value. For example, 42 or 56 symbol length between PDCCH and PDSCH are not useful for URLLC. Though there can be optimal point, considering limited time, it may be better to restrict new reference to K0 = 0. Otherwise, it can be considered to use explicit indication to select which refereces. (DCI or configured TDRA range or entries)

As Samsung pointed out, This new reference may have some side effect on other functionality. It is necessary to avoid these side effect as much as possible. 


	Ericsson: Technical analysis against Option 1
	There still exist many open issues to discuss before RAN1 should approve changing the reference of the SLIV. 
Open issues:
· Whether the new reference is applied only to a new separate TDRA table in addition to the legacy table as in NR Rel-15.
· Whether the new reference is applied only to TDRA tables having all entries with K0=0 
· Whether the new reference is applied only to TDRA entries with mapping Type B 
· Whether the new reference is applied to TDRA tables containing entries with both PDSCH mapping types (Type A and Type B) and different K0 values
· Whether the new reference is applied only to PDSCH scheduled by the DCI carried in PDCCH monitored in UESS (but not CSS)
· Whether the new reference is applied to default TDRA tables
· How the new reference works with multi-TRP mini-slot PDSCH repetition, since multi-TRP agenda item also made agreements to use enhanced TDRA table
Furthermore, changing the reference point to starting symbol of PDCCH monitoring occasion is not justified due to the following technical points: 
· The new reference is applicable only to limited scenarios.
· Only works for DL with K0=0 and mapping type B. 
· For UL, scheduling can be restricted by available UL resources due to certain TDD slot configuration. 
· For K0>0, the starting symbol of scheduled PDSCH in future slot may be earlier than the starting symbol of scheduling PDCCH. This would then require a negative value of S if the SLIV reference is changed and applied to K0>0.
· For PDSCH mapping type A, the starting symbol of PDSCH can be earlier than the starting symbol of PDCCH. This would then require a negative value of S if the SLIV reference is changed and applied to mapping Type A. 
· The gain is negligible or small for typical URLLC scenarios
· The bit saving table under Option 1 assums a single fixed length L. However, having only one fixed length is not realistic to support UE with different channel quality and possible different TBS.  When there are multiple lengths or different starting points with respect to the scheduling PDCCH, the gain is limited or even non-existent. 

In the following, we further provide supporting arguments showing that using the new reference for SLIV does not provide any significant gain in typical URLLC deployments. 
First, the table provided above under Option 1  (and also in R1-1911078) is misleading without taking into account the target URLLC latency requirement. According to worst-case latency analysis in R1-1906109, for DL with 30 kHz SCS or higher, 1-2 PDCCH monitoring occasions in a slot is sufficient to satisfy 1 ms worst-case DL latency. Four monitoring occasions are required to achieve 1 ms worst-case DL latency only for the case of 15 kHz SCS.  Below we illustrate the TDRA bit saving gain of the new reference compared to the slot boundary reference when considering 1 ms latency requirement. The values below are obtained from the table provided under Option 1  (and also in R1-1911078) by considering #PDCCH monitoring occasions required for each SCS to satisfy 1 ms DL latency.
Table 1. DCI SLIV bit saving when considering 1ms DL latency
	TDRA  allocation length
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	2OS
	2 bits
(#MOs =4)
	0 bit
(#MOs =1)
	0 bit
(#MOs =1)
	0 bit
(#MOs =1)

	4OS
	-
	1bit
(#MOs =2)
	1 bit
(#MOs =2)
	1 bit
(#MOs =2)

	7OS
	-
	1 bit
(#MOs =2)
	1 bit
(#MOs =2)
	1 bit
(#MOs =2)


It can be seen that in most of the cases the gain is only 0-1 bit. The only case where the gain can be 2 bits is when SCS=15kHz which is not commonly suitable for very low latency operation. In fact, URLLC latency requirement is not necessarily limited to 1 ms. It can cover a range of values larger than 1 ms. If 2 ms latency is considered instead, the gain of using new reference for all cases becomes zero since only one PDCCH monitoring occasion is sufficient to achieve 2 ms DL latency for all SCS.   

In addition, the tables above relies on the unrealistic assumption that there is one single length with fixed starting symbol relative to the (starting) PDCCH symbol. This assumption should not be considered realistic since scheduling flexibility can be very limited. For example, in the last PDCCH monitoring occasion in a slot, if there is only one L which together with S and PDCCH symbol exceeds the slot boundary, then there is no scheduling option within the slot for that monitoring occasion. It is more common that multiple different lengths are available in the TDRA table to provide scheduling flexibility. 
Moreover, the starting symbol of PDSCH should not be fixed relative to the scheduling PDCCH. For scheduling flexibility, there should be multiple different starting symbols for the allocation. For example, it can be desirable to schedule multiple UEs wihin the same CORESET where PDCCHs pointing to multiple PDSCHs in different parts of the slot as shown in the figure below, for example, to better utlize CORESET and avoid fragmented PDSCH resources. This also allows PDSCH duration to be longer than PDCCH monitoring periodicity within a slot. 
[image: ]

In fact, TDRA table is used for all DL transmissions and possibly for different traffic types. It is important to maintain scheduling flexibility by having different starting symbols and lengths available so that all the requirements can be achieved with good spectral efficiency. With this in mind, when considering a more common TDRA table containing entries with different lengths and starting synbols and mapping types, the gain of using the new SLIV reference likely diminishes to zero. 
As an example, let us consider a default TDRA table A for normal CP. We can see that there already exists 7 entries with mapping type A to which the new reference should not be applied. If we add just 2 different entries with mapping Type B, the number of bits required to signal TDRA is already 4 bits and there is no gain from the new reference at all.
Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP 
	Row index
	[bookmark: _Hlk513099354]dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	12
	2

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4




	Ericsson: Revised Proposal #1
	Additionally, we disagree with the Proposal #1 drafted by the feature lead. Revisions are suggested below. 
Revised Proposal #1
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format,  a new reference of the SLIV is supported. 
· The new reference is selected from the following options.
· Option A. Use half-slot boundary.
· Option B. Use starting symbol of the PDCCH monitoring span where the DL assignment is detected.
· Option C. Use the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.
· Option D. Use the starting symbol of the PDCCH which carries the detected DL assignment.
· Regarding when to apply the new reference, down-select from the following:
·  Alt 1: The new reference is applied if K0=0 for all the configured TDRA entries, otherwise the reference is slot boundary as in Rel-15
· Alt 2: The new reference is applied for TDRA entries with K0=0, otherwise the reference is slot boundary as in Rel-15
· Alt 3: The new reference is applied for TDRA entries with K0 assigned with a non-numerical value. That is, K0= non-numerical value indicates that the new reference value is applied, and K0=numerical value indicates that reference is slot boundary as in Rel-15
· Alt 4. The new reference is configurable via a separate RRC parameter, which is used to enable/disable the utilization of the new reference
· FFS how handle the PDCCH monitoring occasion/span when S0 (new reference)+S+L>14 and there is only one length L in the TDRA table to save DCI bit width. L is selected for the typical PDSCH size, considering TB size, desired MCS, etc. Possible solutions:
· Solution 1. Allow L larger than monitoring span separation X. For S0 (new reference)+S+L>14 (e.g., last monitoring span), L is shortened by specification to fit PDSCH within the slot boundary.
· Solution 2. Only allow L<=X, where X is the monitoring span separation.
· Solution 3. Consider monitoring spans invalid when  S0 (new reference)+S+L>14. For example, last monitoring span is invalid if L>X. NOTE: this may increase alignment delay.
· Solution 4. Use more than one L values so that all monitoring span are usable.  NOTE: this diminishes the potential benefit of DCI bit width reduction.

	OPPO
	We are fine with this proposal. But as Samsung pointed out, the effect on other functionality, e.g. HARQ-ACK codebook, due to new reference should be avoided.

	Panasonic
	We support the proposal. Since the new DCI format could be used for eMBB like operation, we think to enable/disable the utilization of the new reference by RRC is reasonable.

	vivo
	We support proposal 1. 
The benefit for changing the reference of SLIV to the starting symbol of the PDCCH monitoring occasion has been discussed and justified in the FL summary. 
The potential concern is there may be issue on semi-static HARQ-ACK codebook when supporting SLIV with reference to PDCCH. As described by the Tdoc of Nokia, simple solution can be adopted to address the potential issue of semi-static HARQ-ACK codebook construction. Another alternative we can support is that this proposal is supported for dynamic HARQ-ACK codebook case. 

	Apple
	We support the proposal. (1) From the table, we have up to 3 bits savings in some configurations e.g. 2 OS with # PDCCH MO = 7 (2) Given that this mode of operation is RRC configured, it can be disabled if the gNB is operating in a mode where it does not provide any benefits (3) To reduce latency, URLLC is typically scheduled as soon as possible. The latency requirement means the probability that we will have the PDSCH scheduled in the same slot as the DCI will be high. As such, even with the caveat that the proposal  is only valid for K=0, we should see the savings.

	Sony
	We support the proposal.  As noted by CATT, when K>0, using the starting symbol of the PDCCH as the reference would lead to more entries in the TDRA table for the same allocation and so this should be applicable only for K=0.  For K>0, the reference is at the slot boundary.

	DOCOMO
	We are fine with this proposal.

	MediaTek
	We support this proposal. The current NR design is using the slot boundaries as a reference point for the TD-RA allocation which leads to increased number of bits in the DCI and could compromise its reliability. Using the the starting symbol of a PDCCH as a reference leads to reduced number of TD-RA bits, as highlighted in our contribution, which could go up to 3 bits gain in some scenarios (# PDCCH MO = 7 and 2OS PDSCH/PUSCH) which are very typical for URLLC scheduling. Also, the RRC configuration gives enough flexibility to the gNB to disable this feature if the gain is not noticeable. 
Regarding restricing this proposal to type 2 HARQ-ACK codebook, We don’t observe any clear motivation for this retriction. We don’t see any ambiguity in applying this proposal with the type 1 HARQ-ACK codebook since the PDSCH transmission occasions per slot remain equivalent to the previous definition using the slot boundary as a reference.

	Intel
	We share the views from Ericsson on the very limited gains from introduction of new reference for SLIV for PDSCH. 
Whenever PDSCH entries with K0>0 or Mapping type A (per Proposal 2) are needed, the benefits in DCI size reduction are washed out. On the other hand, the impact to spec and implementation, although straightforward, is pervasive. Thus, we prefer not to introduce this new reference. 
However, if we are to go with majority preference, we concur with MediaTek that there should not any further restrictions to HARQ-ACK CB, etc., beyond Type B and K0=0.

	Qualcomm
	We agree with the proposal, but with the following two modifications:
1) When the new reference is configured for a TDRA table, HARQ-ACK codebook type 1 is not used. Otherwise, for each row with K0=0, possibly a large number of bits should be sent back over the PUCCH.
2) In terms of the usage of this new reference, our preference is aligned with one of the options mentioned by Ericsson, i.e., when the new reference is configured, all rows of the TDRA table should have K0 = 0. In our view, this TDRA table with a new reference is configured when the number of monitoring occasions is large, e.g., 7 per slot. In such cases, we do not see any reason to send PDCCH and PDSCH separately. 



Based on the offline and online discussion, it seems some company thinks that PDSCH mapping type to be used for the new reference is related to the above proposal. Based on the offline discussions, the following proposal #2 was made accordingly. The main reason for not supporting PDSCH mapping type A is that the first symbol of the PDSCH with mapping type A may be in front of the first symbol of the CORESET for PDCCH monitoring. In addition, the duration of PDSCH mappying type A doesn’t include “2-symbol” duration, which may be typical for URLLC scheduling.   

Proposal #2: PDSCH mapping type A is not supported with the new reference. 

	[bookmark: _Hlk22646598]Company
	View

	Nokia
	The proposal doesn’t make much sense, as what we need now is a new mapping type or a modification of existing mapping type for the new reference point. We should get directly into the design of it. 

	CATT
	Agree with the proposal.

	Samsung
	Fine with this proposal. It can be further discussed that PDSCH mapping type is used for indicating whether new reference is applied or not. For example, PDSCH mapping type B means new reference and while, PDSCH mapping type A means slot boundary. 

	ZTE
	Support 
First, the first symbol of the PDSCH with mapping type A could be in symbol #0 when the scheduling PDCCH starts on symbol #1 or #2. This is allowed in Rel-15 which can facilitate the coexistence of LTE PDCCH and NR PDCCH while allowing NR PDSCH rate matching around based on the rate matching patterns configured for PDSCH. This is a very important deployment scenario from network point view.
In addition, the new reference has very limited benefits on DCI reduction for PDSCH mapping type A. Because it has very limited starting symbol positions, i.e., {0,1,2,3}. 
Thus, PDSCH mapping type A using slot boundary reference as Rel-15 can provide more flexibility and no need to support the new reference. 

	WILUS
	Fine with this proposal. 

	LGE
	Fine with this proposal.

	Ericsson
	We assume Proposal #2 when drafting Revised Proposal #1.  For PDSCH mapping type A, the starting symbol of PDSCH can be earlier than the starting symbol of PDCCH. This would then require a negative value of S if the SLIV reference is changed and applied to mapping Type A.

	OPPO
	Fine with this proposal

	Panasonic
	We are fine with the proposal.

	vivo
	Fine with this proposal.

	Apple
	We are fine with the proposal.

	Sony
	Fine with the proposal.

	DOCOMO
	We would like to share Nokia’s proposal. Since the length of Type B mapping is limited, it would be beneficial to modify the existing mapping type for the new reference point.

	MediaTek
	We are fine with the proposal.

	Intel
	Support the restriction for proposed new reference.

	Qualcomm
	Agree with the proposal.



Summary of the email discussion  
Based on the inputs from companies as shown in section 2, company position is summarized as below:
[bookmark: OLE_LINK66]Proposal #1:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· The new reference is applied for TDRA entries with K0=0, otherwise the reference is slot boundary as in Rel-15  

· Support: Nokia, CATT, Vivo, Panasonic, OPPO, Samsung, NTT DOCOMO, ZTE, Sony, WILUS, Huawei, Apple, LGE, MTK 
· Reason: 
· Reduce the number of bits for time-domain resource allocation (up to 3 bits). For a same PDSCH duration, different SLIVs will be needed to schedule PDSCH that start at different symbols in a slot, which will increase the number of entries need to be indicated thus require more number of bits for time domain resource assignment. With changing the reference to PDCCH, then much less SLIVs to be indicated. 
	TD-RA allocation Length
	#PDCCH MOs = 2
	#PDCCH MOs = 4
	#PDCCH MOs = 7

	Any Length (1-14 OS)
	0
	1
	2

	7 OS
	0
	1
	2

	4 OS
	1
	2
	3

	2 OS
	1
	2
	3




· Has concern: Ericsson 
· Main Reasons: 
· The reduction (e.g. 1 bit) may not be too much assuming typically only 2 monitoring occasions within one slot for typical scenario for URLLC 
· FL observation: Assuming only 2 monitoring occasions within a slot for URLLC seems not the common understanding, e.g. for enhanced PDCCH monitoring capability companies usualy assume 7 monitoring occasions are needed

· Only applied to the case of same slot scheduling 

· Many alternatives for aspects (e.g. what new reference to choose and when to apply the new reference) needs to be discussed first 

· FL observation: Agree many alternatives can work for each aspect, but it seems the proponents are ok to go down to the solutions shown in the proposal here 

Ericsson commented that the second sub-bullet in proposal #1 is not clear. Qualcomm supports the proposal but thinks that we should limit that the new reference is only applied for a TDRA table with K0=0 for all entries. Considering the above comments, I revised the proposal #1 as below, hopefully companies can go with it.  

Revised Proposal #1:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.


Another issue brought up during the discussion is whether the new reference is applicable for type 1 HARQ-ACK codebook, but I think we can discuss this when it is clear which HARQ-ACK codebook type (s) to be supported for URLLC under UCI enhancements. From feature lead perspective, I think we discussed this issue in several meetings and I think companies know the main pros and cons well for this proposal. Intel doesn’t like the proposal, but it seems they can accept it for the majority view, really appreciate for being flexible. Companies are encouraged to go with the revised proposal #1. 


Proposal #2: PDSCH mapping type A is not supported with the new reference. 

· Support: CATT, Samsung, ZTE, WILUS, LGE, Ericsson, OPPO, Vivo, Panasonic, Apple, Sony, WILUS, Huawei, MTK, Intel, Qualcomm 

· Need some modification to the existing PDSCH mapping type: Nokia, DCM 

Considering the deadline is here, companies are encouraged to go with the majority view, i.e. agree with proposal #2, then if needed we can further discuss if any modification needed in the next meeting. 

Agreements from the email discussion 
Based on the email discussion, the following two proposals were agreed:
Revised Proposal #1:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
1. A RRC parameter is used to enable the utilization of the new reference  
1. When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
20. FFS: Other entries with K0>0 can also be included in the same TDRA table 
0. For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.

Proposal #2: PDSCH mapping type A is not supported with the new reference. 
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