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Discussion and decision
1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications) [2]. 

In NR, there are three timings to be considered; 1) timing between DL assignment and DL data transmission, 2) timing between UL assignment and UL data transmission, and 3) timing between DL data reception and its HARQ-ACK feedback. In Rel-8 FDD-LTE, the above three kinds of timings are n+4. But, in Rel-15 WI of Shortened TTI and processing time for LTE, procedure for timing reduction to n+3 and for shortened TTI has been specified with considering processing time and minimum available timing. Similar to this, processing time and HARQ-related issues have been discussed in NR, where the agreements in RAN1-NR#1 are shown as follows. 

	· 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
· NR UE supports a set of minimum HARQ processing time

· FFS: set size

· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding 
UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration

· FFS definition of minimum HARQ processing time



This contribution considers aspects of processing time and number of HARQ processes in NR. 
2 Discussions 
Let K0, K1, and K2 denote the timing between DL assignment and corresponding DL data transmission, the timing between DL data reception and corresponding acknowledgement, and the timing between UL assignment and corresponding UL data transmission, respectively.
Processing time for UE

Since the processing time may vary a lot depending on implementation, the processing time of the gNB and UE is briefly outlined as follows. During the SI for latency reduction in LTE, HARQ RTT reduction proportionally to the TTI length is basically considered in the evaluations. Of course, some processing parts will be proportional to TTI length while others will not. For example, Turbo decoding is the most time-consuming processing part after PDSCH reception and the required time for Turbo decoding is proportional to the length of a code block. The DL control channel can be classified in either PDCCH-type or EPDCCH-type in that PDCCH-type uses TDM for control and data while EPDCCH-type uses FDM. When front-loaded RS is used, the decoding for the DL control channel can begin before the whole corresponding TTI is received. At the gNB, decoding and encoding for a PDSCH may also require time that is proportional to the length of a code block. Conversely, other parts of the UE and gNB processing chain such as frame alignment and channel estimation do not depend on the TTI length. So, RAN1 needs to further study the feasibility of a certain HARQ RTT and needs to evaluate the throughput with the HARQ RTT for given TTI length. 
Proposal 1: Consider the feasibility of certain HARQ RTTs and evaluate the performance of a HARQ RTT for given TTI length.
Minimum HARQ processing time


In NR, different numerologies are supported. Since symbol length and slot/mini-slot length depend on subcarrier spacing, minimum HARQ processing time will depend on numerology. When a UE decides its capability for minimum HARQ processing time, the UE should consider subcarrier spacing, TTI length, timing advance (TA), and maximum TBS. Thus, RAN1 should consider how the UE can decide its capability for minimum HARQ processing time. 
Proposal 2: Consider how a UE decides its capability for a minimum HARQ processing time.
Default HARQ processing time
When the HARQ processing time is unknown to the UE, a predefined default timing can be used. The default timing can be delivered by the SIB, or by higher layer signaling, or it can be fixed in the specifications. No use case is identified for default timing indicated by higher layer signaling and there can be a gNB-UE misunderstanding when the UE fails to receive or has not yet applied the higher layer signaling. Thus, default timing should be delivered by SIB. Since this default timing also can be varied according to the numerology and TTI length, RAN1 should further consider the number of values for default timing. Only for K0, default timing can be fixed as 0. 
Proposal 3: Default timing is delivered by SIB.
Proposal 4: Consider the number of values for default timing.

Proposal 5: For timing between DL assignment and corresponding DL data transmission, the default value of K0 is 0.
Fallback mode to default timing

Default timing can be used when a UE detects a fallback DCI format. For example, any DCI scheduling system information can be assumed as a fallback DCI. The same DCI format can be used for unicast scheduling like LTE DCI 1A for all TMs. In this fallback DCI, the timing indication bit field can be omitted and the default timing value can be assumed by a UE. When a gNB has not yet configured the timing or during the reconfiguration ambiguity period, the gNB can schedule a UE using the fallback DCI. It is also possible that one value of the configured set is fixed as the default HARQ-ACK timing which requires that HARQ-ACK timing is always presented in a DCI. 
Proposal 6: Consider when default timing is used.
Configuration of set of timing values by higher layer signaling and indication by DCI

The timings of K0, K1, and K2 are informed by combination of higher layer signaling and DCI. Multiple sets of timing values may need to be configured by higher layer signaling according to numerology, TTI length, etc. Thus, RAN1 should consider whether multiple sets of timing are required.

For the combination of timing, the following two alternatives can be considered. 
· Alt 1. Configure a set of possible values by higher layer signaling and indicate one of them by DCI
· Alt 2. Configure a reference value by higher layer signaling and indicate an offset value by DCI
Alt 1 has more flexibility while Alt 2 requires smaller information delivered by higher layer signaling. Although Alt 1 has more flexibility, RAN1 first should consider in which use case non-contiguous timing values are beneficial. If configuring non-contiguous timing values is beneficial, Alt 1 would be proper to inform timings to the UE. 
Proposal 7: Consider in which use case non-contiguous timing values are beneficial.
Number of HARQ processes

For UE scheduling in consecutive slots, the number of HARQ processes should be determined by the HARQ RTT. For example, if the HARQ RTT is 8 slots, then the number of HARQ processes for a UE should be at least 8 for contiguous data scheduling. 
In LTE, each UE category defines soft buffer size and maximum number of data bits that a UE can receive in a TTI. The maximum number of data bits that UE can receive in a TTI can be derived by maximum TBS and supported number of CCc/cells. Even for the same maximum number of data bits per TTI, the maximum TBS and the supported number of CCs may not be fixed. The above factors such as soft buffer size and maximum TBS can affect HARQ RTT. Regarding HARQ RTT, UE can report its capability to the gNB, e.g., minimum HARQ timing for a given maximum TBS and given TTI length. Therefore, the number of HARQ processes that a UE supports may be related to how UE categories are defined in NR. 
Proposal 8: In NR, the number of HARQ processes should be jointly discussed with HARQ RTT, maximum TBS, soft buffer size, UE category definition, UE capability reporting, etc.
3 Conclusions
In this contribution, the issues related to processing time and number of HARQ processes were discussed. It can be summarized as below.
Proposal 1: Consider the feasibility of certain HARQ RTTs and evaluate the performance of a HARQ RTT for given TTI length.
Proposal 2: Consider how a UE decides its capability for a minimum HARQ processing time.
Proposal 3: Default timing is delivered by SIB.
Proposal 4: Consider the number of values for default timing.
Proposal 5: For timing between DL assignment and corresponding DL data transmission, the default value of K0 is 0.

Proposal 6: Consider when default timing is used.
Proposal 7: Consider in which use case non-contiguous timing values are beneficial.
Proposal 8: In NR, the number of HARQ processes should be jointly discussed with HARQ RTT, maximum TBS, soft buffer size, UE category definition, UE capability reporting, etc.
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