3GPP TSG RAN WG1 Meeting 91                                                   
              R1-1720368
Reno, USA, November 27th – December 1st, 2017
Title:
DL/UL scheduling and HARQ timing management
Source: 
ZTE, Sanechips
Agenda Item:
7.3.3.2
Document for:
Discussion and Decision
1. Introduction
In the last RAN1 #90bis, the following progress was made toward identifying two UE capabilities for processing time with respect to slot-based scheduling. The following agreements included convergence to a set of values considering both the base scheme and advanced scheme.
Agreements:

· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 

· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission

· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively

· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)

· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determination and HARQ-timing determination

Conclusion:

· Discuss further offline how to determine HARQ-ACK payload size when two or more PDSCH transmissions are associated with a single UL transmission using PUCCH or PUSCH (e.g., semi-static determination, dynamic determination based on DAI mechanism similar to LTE, etc.)

Agreements:

· NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission
· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)
Agreements:

· Maximum number of TAGs is 4 for a UE

· Only non-contention based random access for sTAGs
Agreements:

· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
Agreements:

· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration

· HARQ-ACK codebook determination based on counter DAI and total DAI

· Use LTE as starting point

· FFS details
Agreements:

· For HARQ-ACK spatial bundling: 

· Support higher layer configuration for spatial-domain bundling per PUCCH group

· Bundling is per cell, and same configuration applies to all the cells

· FFS whether or not to support HARQ spatial bundling in a dynamic manner

Agreements:

· Finalize Table 1 as the baseline UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· Finalize Table 2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.
· Further determine (N1,N2) processing times for two UE capabilities in carrier aggregation, mixed numerology, higher order modulation cases, and for mini-slot scheduling. 

· For a given configuration and numerology, a UE indicates only one capability for N1 (or N2) based on the corresponding entry for N1 (or N2) from either Table 1 or Table 2.

· FFS: if multiple capabilities can be reported with different throughput constraints for N1 (or N2).
Table 1. UE Processing Time and HARQ Timing (Capability #1)

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[8]
	[10]
	[14]
	[14-21]

	Front-loaded + additional DMRS
	N1
	Symbols
	[13]
	[13]
	[17]
	[21]

	Frequency-first RE-mapping
	N2
	Symbols
	[9]
	[11]
	[17]
	[31]


Table 2. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N2
	Symbols
	[2.5-6]
	[2.5-6]


2. Discussion
1.1 Flexible HARQ timing
In NR, it is agreed to introduce a flexible HARQ timing. HARQ feedback for multiple DL transmissions in time can be transmitted in one UL data/control region. Explicit signalling via DCI can indicate the HARQ timing and PUCCH resources very flexibly but it may increase the DCI overhead. In fact, the HARQ timing and PUCCH resource(s) do not change frequently for the UEs. It may only need to be adjusted every few slots, just as shown in the figure 1 below. In that figure, the HARQ feedback for downlink slot#2, slot#3 and slot#4 is transmitted in the uplink slot#5. For the other slots, the timing relationship between DL data reception and the corresponding acknowledgement is n+1, which is the minimum HARQ timing and also considered as a minimal value. For these other downlink slots including slot#1, and from slot#5 to slot#9, the PUCCH resource index for HARQ feedback can be generated by the predefined rule as it is done in LTE. Therefore, the UE does not need to be notified dynamically to change the HARQ timing and PUCCH index in these downlink slots.
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Figure 1. Example for flexible HARQ timing
Proposal 1: UE can be dynamically notified to change NR HARQ timing and the PUCCH resource index by the eNodeB only when it is needed. A default value for timing can be introduced and could be a minimal value.
In small cell scenario, it could be possible to support the above default value of timing as 1 slot. It is tasked in RAN1 for UE implementation to understand how much processing time is needed independent of timing advance and slot structure. Now we already classify 2 capabilities with exact number of symbol for processing at certain SCSs. In different coverage case, the different timing can be applied on top of the relatively fixed processing time. K1 denote the timing from PDCCH scheduling to HARQ-ACK. K2 denote the timing from UL grant to PUSCH. The dynamic timing range for K1 and K2 is RRC configurable and could be based over gNB coverage and UE capability (N1, N2) correspondently. This is particularly beneficial given that the flexibility in transmission durations of different scenarios is supported in NR.  In large coverage case, for example with 100km cell radius, the minimal timing can be configured to values as 3 or 4 slots for (K1, K2). This includes the UE processing time and large TA. 
In case of 300 km coverage, the round trip at 300 km distance is 2* (300 km)/c = 2ms. This will be 2 slots at 15 kHz SCS. The PDCCH and PDSCH transmission time will take another slot. And for both capability #1 at 15 kHz SCS, UE UL grant processing time N2 is [13] symbols. This is the largest processing time of N1/2 for UE capability #1/2. Then 1 slot can be reserved for UE processing time.  Then, N+4 HARQ timing can cover the case. As conclusion, the minimal k1 and K2 can be set as 4 slots.
Proposal 2: Based on UE processing capability and cell coverage, gNB can RRC configure minimal UE feedback time UE-specifically. Minimal 4-slot can be used to support large coverage as 300 km. 
3. Conclusion
In this contribution we discussed the timing issue of NR and considering the k1/k2 determination based on the concluded UE processing time discussion. In general, the timing should allow wide range of configurability from gNB. gNB can configure timing rang based on UE processing time capability. It is also noted that extremely large coverage should be supported by this configurability.

Proposal 1: UE can be dynamically notified to change NR HARQ timing and the PUCCH resource index by the eNodeB only when it is needed. A default value for timing can be introduced and could be a minimal value.
Proposal 2: Based on UE processing capability and cell coverage, gNB can RRC configure minimal UE feedback time UE-specifically. Minimal 4-slot can be used to support large coverage as 300 km. 
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