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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In RAN1#90 meeting, the following agreements were made [1],
Regarding the characterization of the UE processing time,
Agreements:
The candidate factors for (N1,N2) processing time characterization (Step 3) are given in following table
· Nominal assumptions are provided for this characterization in the table, for which the (N1,N2) values are evaluated
· Additional candidate factors indicated in [] can be optionally considered for (N1,N2).
· It is understood that if nominal assumptions change, the (N1,N2) characterization can be modified accordingly.
The table was in Annex A.
Regarding the soft buffer management,
Agreements:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.
· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer

Regarding the HARQ/scheduling timing, the followings are agreed,
Agreements:
· [bookmark: OLE_LINK48]Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing
In addition, it was agree to support both dynamic TDD and semi-static TDD operation in NR, where the semi-static TDD operation was agreed as the follows
Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signaled to UE by higher layer signaling

In this contribution, we share our views on the UE processing time and HARQ timing.
2. UE processing time 
2.1. Self-contained operations
According to the agreement, some UEs may support K1=0 or K2=0 (Figure 1a and 1b respectively). And according to the definition of UE processing time, it is defined in terms of number of symbols. Therefore, current agreement on UE processing time which are described in terms of slots can be updated. The following four cases (i.e. self-contain operations) are highlighted with the most critical UE processing time requirements. (Figure 1)
a) self-contained operation in a bi-directional slot with K1=0
b) self-contained operation in a bi-directional slot with K2=0
c) Immediate acknowledgement w/in next long uplink bursts
d) Immediate acknowledgement w/in next long downlink bursts
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Figure 1. use case of self-contained operation
2.2. Candidate factors for processing time
Several factors for UE processing time are agreed in the last meeting. For additional candidate factors indicated in [], we think the [Percentage of peak rate] shall also be considered for 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, and useful to restrict the HARQ-ACK feedback timing 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.
Therefore, we propose to add the “Percentage of peak rate” for the candidate factors for (N1,N2) processing time characterization.
Additionally, since the peak data is characterized by the “maximum total number of information bits among transport blocks per slot across component carriers”, we therefore propose,
Proposal 1: 
· The candidate factors when determining the UE processing times (N1,N2) includes the ‘percentage ratio of the number of information bits to the maximum total number of information bits among transport blocks per slot across component carriers’.
3. HARQ timing design aspects
Granularity of HARQ timing indication
It was agreed that timing between PDSCH and corresponding HARQ-ACK (K1), and the timing between UL grant and corresnponding PUSCH (K2) is indicated in the DL/UL grant. However, the time granularity of K1 and K2 values has not been concluded, which has the linkage with the DL/UL processing time and the combination of DL/UL transmission durations. Where the transmission duration may depend on the applied SCS and the numero of OFDM symbols in within a TTI. Following cases can be evisioned.
· K1:
K1, i.e. time offset between PDSCH and corresponding HARQ-ACK, includes the UE processing time  for PDCCH/PDSCH and processing time for HARQ-ACK preparation, if we assume UE TA=0. As the PDCCH/PDSCH processing time will be the major component of K1, it is straightforward to define the granularity of K1 value using DL transmission unit, which means the SCS and TTI length (i.e. the number of OFDM symbols within the DL TTI) are used to determine the K1 value.
· K2:
K2, i.e. time offset between PDCCH UL grant and the corresponding PUSCH, including the UE processing time for PDCCH and processing time for PUSCH preparation, if we assume UE TA=0. As the PUSCH processing time will be the major component of K2, it is straighforward to define the granularity of K2 value using the UL transmission unit, which means the SCS and TTI length (i.e. the number of OFDM symbols within the UL TTI) are used to determine the K2 value. 
As an alternative solution to the above, if some additional flexibility is necessary, e.g. to support dynamic variable change of DL and UL transmisison unit, the time granularity of K1 and K2 can be configured by gNB. 
Proposal 2:
· Two options can be considered to define the granularity of K1 and K2 for timing determination.
· Option 1:Granularity of K1 follows DL transmission duration, granularity for K2 follows UL transmission duration.
· Option 2: Granularity of K1 and K2 are configured by gNB. 

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. To support this alternative, further discussion is needed on whether the higher layer configured HARQ/scheduling delay is dependent or agnostic on the semi-static configured DL/UL transmission durations. 
Proposal 3: 
· NR supports an option where the HARQ/scheduling timing is not dynamically indicated, at least for semi-static TDD and traditional FDD operation. 

4. Conclusion
In this document, we share our view on UE processing time and HARQ timing. It is proposed that,

Proposal 1: 
· The candidate factors when determining the UE processing times (N1,N2) includes the ‘percentage ratio of the number of information bits to the maximum total number of information bits among transport blocks per slot across component carriers’.
Proposal 2:
· Two options can be considered to define the granularity of K1 and K2 for timing determination.
· Option 1:Granularity of K1 follows DL transmission duration, granularity for K2 follows UL transmission duration.
· Option 2: Granularity of K1 and K2 are configured by gNB. 
Proposal 3: 
· NR supports an option where the HARQ/scheduling timing is not dynamically indicated, at least for semi-static TDD and traditional FDD operation. 
And further observations are as follows,
Observation 1:
· NR can consider the following self-contained operations,
· self-contained operation in a bi-directional slot with K1=0
· self-contained operation in a bi-directional slot with K2=0
· Immediate acknowledgement w/in next long uplink bursts
· Immediate acknowledgement w/in next long downlink bursts
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Annex 1
[bookmark: _Ref489979879]Table A-1. Candidate factors for UE processing time (N1,N2)
	
	N1
	N2

	Nominal assumptions
	Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM
· Up to 3300 active subcarriers2
PDCCH
· Same numerology / BWP as PDSCH
· Single grant monitored for PDSCH
· 44 blind decodes, single symbol CORESET
PDSCH
· PDSCH does not precede PDCCH
· 14-symbol slot-based scheduling
· Frequency-first RE-mapping, no time-interleaving of CBs across TB
PUCCH 
· Short formats for HARQ-ACK
	Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 2-layer MIMO and 64-QAM
· Up to 3300 active subcarriers
PDCCH
· Same numerology / BWP as PUSCH
· Single grant monitored for PUSCH
· 44 blind decoding, single symbol CORESET
PUSCH
· 14-symbol slot-based scheduling
· No time-interleaving of CBs across TB 
· DFTsOFDM or OFDM
· Front loaded DMRS for low latency4
· No UCI multiplexing

	Candidate factors 
	· SCS
· DMRS configuration3
· [Percentage of peak rate]
· [RE-mapping1]
	· SCS
· RE-mapping (depending on specification)1 
· [Percentage of peak rate]



	1Preferred RE-mappings may be specified in cases where decisions are pending.
2Some consideration can also be given to N1 when the 3300 active subcarriers are achieved with carrier aggregation. 
3Front loaded and distributed patterns are assumed. For front loaded, the 3rd and 4th symbols have DMRS. 
4N2 is measured from the start of DMRS (since front-loaded assumption is made). One DMRS is TDM with PUSCH.
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