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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In RAN1#90bis, the following agreements were made [1],
Regarding the characterization of the UE processing time,
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]



Regarding the HARQ/scheduling timing and feedback, the followings are agreed,
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 determation and HARQ-timing determination
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:
· 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:
·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells
· The max number of TBs based on configuration for each DL cell
· Configured number of CBGs per TB per configured DL cell
· FFS: Handling of different numerology between UL and DL
· Details FFS
· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
· Details FFS
In this contribution, we share our views on the UE processing time and HARQ.
2. UE processing time 
Several factors for UE PDSCH processing time are agreed including DMRS configuration (front loaded or front loaded +additional DMRS) and PDSCH RE mapping. In addition to the agreed factors, we think the PDSCH data rate should also be included as a factor in defining the UE capability in support of the baseline or reduced DL processing time, as shown in the table 1 and 2, due to the following reasons. 
Firstly, NR terminal supports wider BW up to 100MHz in sub6GHz. Hence the UE processing time varies a lot for different BWs. It is useful to fully exploit the UE processing capability when UE is operating in a narrow BW to achieve a reduced DL processing time. At the same time, it is also considerable to relax the DL processing time by allowing the baseline DL processing time when UE is operating in a wider BW. 
Secondly, allowing different timing for different throughput is beneficial for latency optimization when UE is operating in lower data rate, especially considering that latency critical traffics are typically not with very high data rate. 
Therefore, we propose to allow both baseline DL processing time and reduced DL processing time to be supported by a given UE according to the PDSCH data rate. 
Proposal 1: 
· NR allows both baseline DL processing time and reduced DL processing time to be supported by a given UE according to the PDSCH data rate.
3. HARQ aspects
 HARQ timing for traditional FDD and semi-static TDD operation
It was agreed that NR supports semi-static TDD operation where the DL/UL transmisison direction is configured by higher layers. One typical use case for semi-static TDD operation is the macro cell, since the dynamic TDD opearation is challenging due to significant cross-link interference. In this scenario, the DL/UL transmisison direction is rather fixed similar as in LTE-TDD deployment, where the semi-static configuration is beneficial for UE power saving persepctive. Similarly, in traditional FDD macro cell deployment, the DL and UL transmission resource are fixed. 
In both of the deployments above, not only the DL/UL transmisison resource are fixed, the DL/UL numerology  can also be fixed, furthermore, the transmission duration can be fixed as well if the network intends to use only slot based scheduling. In these deployoment sceanrios, the dynamic indication of HARQ/scheduling time does not seem necessary. Therefore it does not make sense to always mandate the inclusion of DCI contents for K1 and/or K2 indication. Alternatively, the HARQ/scheduling timing can be configured by higher layer, for examle, the RRC can configure the number of maximum HARQ process number, as well as the HARQ/scheduling delay for each HARQ processes. 
Proposal 2: 
· NR supports an option where the HARQ/scheduling timing is not dynamically indicated, at least for semi-static TDD and traditional FDD operation. 
HARQ-ACK codebook determination
Semi-static HARQ-ACK codebook determination
In case of semi-static HARQ-ACK codebook in CA, the UE determines the HARQ-ACK codebook size by the following configurations by RRC. The codebook size is reduced in accordance with the actual number of DL transmissions. 
· Number of configured DL CCs
· Number of MIMO TBs in each configrued DL CC
· Number of configured CBGs in each configured DL CC
· The size of the ‘HARQ-ACK bundling window size’ in each DL CC 
For a slot with HARQ-ACK feedback to be transmtited, the ‘HARQ-ACK bundling window size’ can be implcitly derived by the range of RRC configured timing indication value between PDSCH and HARQ-ACK feedback slot, i.e. the K1 value. As one example, for a given slot for HARQ-ACK transmisison, UE configured with a set of K1 values can derive the ‘HARQ-ACK bundling window size’ accoridng to the largest K1 value and the smallest K1 value based on the configured set. In case of carrier aggregation with different PDCCH monitoring periodicities, the UE determines the ‘HARQ-ACK bundling window size’ on each of the configured CC according to its PDCCH monitoring periodicity. 
Proposal 3:
· In case of semi-static HARQ-ACK codebook in CA, the UE determines the HARQ-ACK codebook size by the following configurations 
· Number of configured DL CCs
· Number of MIMO TBs in each configrued DL CC 
· Number of configured CBGs in each configured DL CC
· The size of the ‘HARQ-ACK bundling window size’ in each DL CC
Proposal 4:
· The size of the ‘HARQ-ACK bundling window size’ is determined on each DL CC respectively according to the following configurations
· The maximum and minimum timing offset value between a PDSCH and associated HARQ-ACK feedback, i.e. K1, within the RRC configured set of values.
· The configured PDCCH monitoring periodicity
Due to the introduction of CBG based HARQ-ACK feedback, the number of HARQ-ACK bits in case of semi-static codebook size can be significantly larger than that of LTE operation with same number of aggregated DL CCs. A large codebook size may not be applicable for UEs with worse UL link quality, therefore gNB may need to reduce the semi-static HARQ-ACK codebook size by bundling operations in different dimensions. Both spatial domain and time-domain bundling can be considered while the frequency domain bundling across CC is not preferred. Before employing spatial domain or time domain bundling, the CBG operation may be reduced or disabled. 
Observation 1: 
· 	Followings can be configured by gNB in a per CC basis to reduce the semi-static HARQ-ACK codebook size
· Configure less number of CBGs, or disable CBG based HARQ-ACK
· Configure spatial HARQ-ACK bundling
· Configure time-domain HARQ-ACK bundling
Dynamic HARQ-ACK codebook determination
In case of dynamic HARQ-ACK codebook determination, the HARQ-ACK codebook size is determined by the actual number of scheduled PDSCHs associated with the same HARQ-ACK feedback instance. Specifically, the HARQ-ACK codebook size is determined based on the following information conveyed by DCI, where the DL CCs may be configured with same or different PDCCH monitoring periodicities. 
· Timing indication between each scheduled PDSCH and associated HARQ-ACK feedback, i.e. K1 value
· Counter DAI across the scheduled CCs and slots/mini-slots (frequency first counting)
· Total DAI across the scheduled CCs and slots/mini-slots until the current DCI time instance
Proposal 5:
·  The dynamic HARQ-ACK codebook size is determined based on the following information conveyed by DCI, where the DL CCs may have same or different PDCCH monitoring periodicities. 
· Timing indication between each scheduled PDSCH and associated HARQ-ACK feedback, i.e. K1 value
· Counter DAI across the scheduled CCs and slots/mini-slots (frequency first counting)
· Total DAI across the scheduled CCs and slots/mini-slots until the current DCI time instance
When CBG based HARQ-ACK is configured in one or more carriers, it would be preferable to determine the HARQ-ACK codebook size based on the actual number of CBGs per TB rather than the RRC configured number of CBGs per carrier. However, TB level counter DAI or Total DAI are not suffient for UE to determine actual number of CBGs for the lost PDSCH TB due to DL grant missing. Therefore, in case of DL grant missing, ambiguity will happen between gNB and UE in terms of actual number of HARQ-ACK bits. Additional solution is required to avoid such ambiguity, e.g. additional CBG level counters. Alternatively, HARQ-ACK codebook size may be determined based on the configured number of CBGs, i.e. no dynamic HARQ-ACK payload adaptation on CBG level. Considering the limited time for Rel-15, the latter would be speficied as a baseline while additional optmization is not precluded.
Proposal 6: 
·  For dynamic HARQ-ACK codebook determination, UE determines the HARQ-ACK codebook based on the RRC configured number of CBGs as a baseline. 
There could be an upper limit in terms of HARQ-ACK payload size for a given PUCCH format and target coding rate. In case the dynamically determined HARQ-ACK payload size exceeds the target one, HARQ-ACK bundling can be performed by the UE with specified behaviors. It is proposed to apply CBG level HARQ-ACK bundling first then spatial bundling as such bundling is expected to have smaller DL performance loss compared to the time-domain bundling. 
Proposal 7: 
· In case the dynamically determined HARQ-ACK codebook size exceeds the expected one, following bundling operations can be performed by the UE
· CBG level bundling
· Spatial bundling
4. Conclusion
This contributions concludes with following proposals:

Proposal 1: 
· NR allows both baseline DL processing time and reduced DL processing time to be supported by a given UE according to the PDSCH data rate.
Proposal 2: 
· NR supports an option where the HARQ/scheduling timing is not dynamically indicated, at least for semi-static TDD and traditional FDD operation. 
Proposal 3:
· In case of semi-static HARQ-ACK codebook in CA, the UE determines the HARQ-ACK codebook size by the following configurations 
· Number of configured DL CCs
· Number of MIMO TBs in each configrued DL CC 
· Number of configured CBGs in each configured DL CC
· The size of the ‘HARQ-ACK bundling window size’ in each DL CC
Proposal 4:
· The size of the ‘HARQ-ACK bundling window size’ is determined on each DL CC respectively according to the following configurations
· The maximum and minimum timing offset value between a PDSCH and associated HARQ-ACK feedback, i.e. K1, within the RRC configured set of values.
· The configured PDCCH monitoring periodicity
Proposal 5:
·  The dynamic HARQ-ACK codebook size is determined based on the following information conveyed by DCI, where the DL CCs may have same or different PDCCH monitoring periodicities. 
· Timing indication between each scheduled PDSCH and associated HARQ-ACK feedback, i.e. K1 value
· Counter DAI across the scheduled CCs and slots/mini-slots (frequency first counting)
· Total DAI across the scheduled CCs and slots/mini-slots until the current DCI time instance
Proposal 6: 
·  For dynamic HARQ-ACK codebook determination, UE determines the HARQ-ACK codebook based on the RRC configured number of CBGs as a baseline. 
Proposal 7: 
· In case the dynamically determined HARQ-ACK codebook size exceeds the expected one, following bundling operations can be performed by the UE
· CBG level bundling
· Spatial bundling
Observation 1: 
· 	Followings can be configured by gNB in a per CC basis to reduce the semi-static HARQ-ACK codebook size
· Configure less number of CBGs, or disable CBG based HARQ-ACK
· Configure spatial HARQ-ACK bundling
· Configure time-domain HARQ-ACK bundling
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