Page 1

3GPP TSG RAN WG1 #99


R1-1911993
Reno, USA, Nov 18th – 22th, 2019
Agenda item:
7.2.2.2.4
Source:
            Xiaomi
Title:
Discussion on configured grant enhancement for NR-U
Document for:
Discussion
1 Introduction

In R1#98b meeting, the following agreements were made for configured grant enhancement for NR-U [1]:

Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 

· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds
Agreement:

CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)
Agreement:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.
· A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range
Agreement: 

CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)
Agreement:
· CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH
In this contribution, we focus on two remaining issues on CG-PUSCH, one is UCI multiplexing on CG-PUSCH, and the other one is CG-PUSCH resource allocation.
2 Discussion
2.1 UCI multiplexing on CG-PUSCH
From our view, two factors should be take into consideration for UCI multiplexing on CG-PUSCH, one is the encoding complexity at UE side and the other one is the decoding reliability at gNB side. In R1#98 meeting, we have already agreed that the number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15, that is the maximum of 3. By this restriction, the complexity of encoding at the UE side is ensured at an acceptable level. 

As to the decoding reliability at gNB side, one key issue is how to cope with HARQ-ACK multiplexing. Since PDCCH/PDSCH miss detection may happen, the HARQ-ACK codebook size assumed by UE may be different from the size expected by gNB. Three alternatives are discussed last meeting，

Alt1: Drop CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3


Alt2: Joint encoding of CG-UCI and HARQ-ACK bits


Alt3: in the case of HARQ ACK feedback scheduled on a configured grant resource, configured grant PUSCH is skipped

For Alt3, the motivation is that, for CG-PUSCH, there is no UL DAI as indicated for dynamic scheduled PUSCH in the UL grant DCI, so UE may transmit a HARQ-ACK codebook with less number of bits if PDCCH detection happens. And errors in determining the number of A/N bits at UE lead to potential decoding failure of the CG-PUSCH. However, the CG-PUSCH decoding failure is a small probability event since PDCCH miss detection probability is low and even PDCCH miss detection happens, CG-PUSCH is very much can still be decoded successfully. From our point of view, by skipping the CG-PUSCH to avoid potential CG-PUSCH decoding failure, the loss apparently out weights the gain. And on the hand, by skipping the CG-PUSCH, the PDCCH miss detection problem is still there, the decoding failure probability of HARQ-ACK is not improved. So Alt3 is not a suitable solution.

Proposal 1: For UCI multiplexing on CG-PUSCH, Alt 3 should not be adopted.

For Alt2, the PDCCH miss detection problem would impact the decoding of CG-UCI directly, once PDCCH miss detection happens, the decoding of CG-UCI and HARQ-ACK would fail. For Alt1, the intention of dropping CSI part 2 is to ensure HARQ-ACK transmission in the UCI, but still the PDCCH miss detection problem should be taken into consideration.

So a critical issue here is how to guarantee an aligned HARQ-ACK codebook size between gNB and UE. A possible way is to add UL DAI field in CG-UCI to indicate the HARQ-ACK codebook size and the CG-UCI and HARQ-ACK information should be encoded separately, so when the number of UCI types multiplexed in a CG-PUSCH is beyond 3, CSI part 2 should be dropped.

 Another possible solution is always feedback HARQ-ACK for all the configured DL HARQ process when multiplexing on CG-PUSCH, so the HARQ-ACK codebook size is fixed just as one-shot HARQ feedback mechanism. Considering that in NR-U system, it is reasonable to accumulate HARQ-ACK information of HARQ processes as much as possible to feedback in one PUCCH resource to reduce the LBT overhead. And by fixing the HARQ-ACK codebook size at a constant number, either the above Alt 1 or Alt 2 can be adopted. 
Proposal 2: for UCI multiplexing on CG-PUSCH, either the following solution can be considered,

(1) Add UL DAI field in CG-UCI to indicate the HARQ-ACK codebook size and the CG-UCI and HARQ-ACK information should be encoded separately, and naturally Alt 1 should be adopted as well.
(2) Always feedback HARQ-ACK for all the configured DL HARQ process when multiplexing on CG-PUSCH, and along with it, either Alt1 or Alt2 can be applied. 
2.2 CG-PUSCH resource allocation
The following agreement are made in R1#97 meeting,
Agreement:
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 

·  FFS: How to indicate multiple PUSCHs within a slot.
Last meeting, four options are discussed below,
· Multiple PUSCH configuration within a slot

· Option1: 

The time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots. The same symbol allocation and mapping type is used across CG-slots.
· Option2:

Within the number of allocated slots, N, following the time instance corresponding to the indicated offset the parameter SLIV is interpreted as:
· For the first allocated slot: S is the starting symbol of the first PUSCH, L-symbol PUSCHs are mapped continuously until the end of the slot.
· For the last allocated slot: assume S=0 and length of PUSCH is L

· For the remaining allocated N-2 slots: Assume S=0, L-symbol PUSCHs are mapped continuously until the end of the slot.
FFS: the details when the combination of (S, L) has gap

· Option3:

A bitmap indicates the allowed starting positions within a slot, Ending position is end of slot/symbol before subsequent starting position

· Option 4:

TimeDomainAllocation field is enhanced to indicate one start symbol value S providing start symbol for the first slot of any burst  and one end symbol value S+L that applies to last slot of any burst, where a burst comprises a set of contiguously allocated slots. 

· For all slots in between the first slot and last slot in any burst, all symbols are allocated.

· DMRS symbol position is maintained in every transmitted CGU slot.
Option 1&2 allow gaps between each adjacent PUSCH, and Option 3&4 are back to back allocated. From our point of view, the main drawback of Option 1&2 is if there are gaps between adjacent PUSCH, then UE has to do LBT for each of the PUSCH. Option1 is basically reusing the R15 scheme, and to avoid the gaps, a 14-symbol length of PUSCH can be allocated so that the starting symbol of a latter PUSCH is next to the ending symbol of a former PUSCH. Or, as suggested by Ericsson last meeting, UE can be configured multiple CG-PUSCH configurations and the multiple CG-PUSCH can from a back to back resource allocation.
Compared to Option1, Option 2 seems no advantage and needs a lot of extra work to be done thus not preferred.

For Option3, each PUSCH has the same symbol length, so the TB size of each PUSCH can be the same, but cross slot boundary allocation may happen within a PUSCH, this may cause impact on specification especially on power control and DMRS design.
Option4 is also back to back allocated, but the multiple PUSCHs may have different symbol length, the TB size of the PUSCHs at the first, last and in-between can be different. However this would not cause extra complexity for UE processing, since the multiple PUSCH scheduling is used to schedule different TBs rather than PUSCH repetition, so no matter the PUSCH symbol length are the same or different, UE has to process the TB for each PUSCH separately. And compared to Option1 with 14 symbol length, Option 4 can start/end within a slot flexibly, not need to occupy a whole slot. Based on the above analysis, we believe Option4 is a more suitable multiple PUSCH resource allocation scheme. 
Proposal 3: Option4 should be supported as the time domain resource allocation scheme for multiple PUSCH scheduling.
3 Conclusions

In this contribution, we present the discussion on HARQ enhancements for NR-U operation. Based on our analysis, we have the following observation and proposals:
Proposal 1: For UCI multiplexing on CG-PUSCH, Alt 3 should not be adopted.
Proposal 2: for UCI multiplexing on CG-PUSCH, either the following solution can be considered,

(1) Add UL DAI field in CG-UCI to indicate the HARQ-ACK codebook size and the CG-UCI and HARQ-ACK information should be encoded separately, and naturally Alt 1 should be adopted as well.

(2) Always feedback HARQ-ACK for all the configured DL HARQ process when multiplexing on CG-PUSCH, and along with it, either Alt1 or Alt2 can be applied. 
Proposal 3: Option4 should be supported as the time domain resource allocation scheme for multiple PUSCH scheduling.
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