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1 Introduction

In the WI on Short TTI and reduced processing [1], reduced processing time for 1ms TTI should be specified. During RAN1#90 and RAN1#90bis the following agreements were made regarding processing time and maximum TA.

Agreement:
For DL 1-slot sTTI length or UL 1-slot sTTI length, a processing time of n+4 slot sTTI assuming a maximum TA Y for DL data to DL HARQ and for UL grant to sPUSCH is supported 

· Y <= 330 us

· FFS the detailed value

Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timingt

Agreement: 

Define two sets of two processing timing assumptions for subslot TTI operation for different maximum TA support. 

- Set 1 is defined with minimum timing n+4 with TA1/n+6 with TA1+4os

- Set 2 is defined with minimum timing n+6 with TA2/n+8 with TA2+4os

- FFS if different/same UEs can indicate support for different sets of processing timing assumptions.

Agreement:
· For subslot TTI operation related to timing advance operation, the UE signals its capability for 2/3os sTTI between set 1 and set 2 for:

1. 1 os CRS based sPDCCH

2. 2 os CRS based sPDCCH 

3. DMRS based sPDCCH 

FFS: UE capability dependent on RS type for data.

· The maximum timing advance supported is:

· 1 ms, short processing time: 200 us

· 7os: 310 us

· 2/3os:

· TA1: 67 us

· TA2: 167 us

· In all above TTI length configurations and processing time configurations, the gap between first UL and latest DL carrier is less than TAmax given above (expected impact on 3GPP TS 36.133). Details FFS.

In RAN1#90 the following agreement clarified the maximum TA in case of asymmetric UL and DL TTI lengths.
Agreement:
NOTE: In case of {2,7} combination the minimum of the supported maximum TA values for 2/3-os and 1-slot is applied.

In this contribution, we discuss some remaining aspects of maximum TA and processing time. 
2 Discussion
2.1 Number of HARQ processes
As provided in the LS to RAN2 [2], the different max TA values expressed in multiple of Ts that were agreed in this WI for the different TTI lengths and processing times are summarized in the table below.

	Reduced processing time and short TTI configuration
	Min. Processing time
	TAmax

	1ms TTI with reduced
processing time
	N+3
	6144*Ts

	slot TTI
	N+4
	9520*Ts

	Subslot TTI Set 1
	N+4 

N+6
	2048*Ts for N+4

10816*Ts for N+6

	Subslot TTI Set 2
	N+6

N+8
	5120*Ts for N+6

13888*Ts for N+8


Table 1: Minimum processing time assumption (i.e. N+x) and TAmax
for reduced processing time and shortened TTI

The only open issue is the number of HARQ processes. From Table 1 it can be seen that some configurations (processing time + TTI lengths) require more than 8 HARQ processes, e.g. subsblot TTI with n+6 or n+8 processing time. 
Observation 1 In case of subslot operation with symmetric TTI length in UL and DL (i.e. {2,2} TTI length combination), more than 8 HARQ processes are required with n+6 and n+8 processing times
In addition, in case of asymmetric UL and DL TTI length, i.e. {2,7} TTI length combination, more than 8 HARQ processes are required even with n+4 processing time to compensate for the longer delay to obtain HARQ feedback. If only 8 HARQ processes are defined for {2,7} TTI length combination, sPDSCH cannot be scheduled continuously even with n+4 processing time, as illustrated in Figure 1.
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Figure 1
HARQ process usage in case of 8 HARQ processes, {2,7} TTI length combination and n+4 processing time

Observation 2 In case of subslot operation with asymmetric UL/DL TTI length (i.e. {2,7} TTI length combination), more than 8 HARQ processes are required with n+4 processing time 
For simplicity, the same number of HARQ processes should be applied for all cases and 16 HARQ processes should be the baseline value for discussion as it is required for n+8 timing. In the cases with shorter processing times, 16 HARQ processes still provide valuable flexibility to the eNB. An example relates to the already agreed UE capability of simultaneous decoding of sPDSCH and PDSCH. 
	Agreement:
· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH


Consider that subslot operation is run with a n+4 processing time, at least 8 HARQ processes are required to schedule continuously sPDSCH only. If, in addition to sPDSCH, a UE capable of simultaneous decoding of sPDSCH and PDSCH is scheduled on PDSCH, more than 8 HARQ processes are required to make use of this UE capability. Otherwise, the UE cannot be scheduled on sPDSCH in consecutive sTTI as soon as there is a PDSCH transmission performed in parallel in a given subframe. This is illustrated in Figure 1. The situation becomes worse if PDSCH transmissions are scheduled in consecutive subframes, which will block more HARQ processes for sPDSCH.
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Figure 2
HARQ process usage in case of 8 HARQ processes, n+4 processing time and concurrent PDSCH and sPDSCH transmissions in one subframe

Observation 3 In case of subslot operation with symmetric UL/DL TTI length (i.e. {2,2} TTI length combination), more than 8 HARQ processes are required with n+4 processing time for UEs capable of simultaneous decoding of sPDSCH and PDSCH
Overall 16 HARQ processes provide more scheduling flexibility to the network and are suitable to all possible short TTI configuration (TTI lengths/processing time combinations/simultaneous sPDSCH PDSCH decoding). It should be reminded that even if more than 8 HARQ processes are supported (already in legacy LTE), the equation specifying the number of soft bits that should be stored by the UE (36.213 sec 7.1.8) assumes soft bit storage for 8 HARQ processes at most due to the bound set by 
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that is a constant equal to 8. This equation should be reused as is for sTTI and thus no additional UE complexity is expected. 
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Considering the advantages offered by 16 HARQ processes and the absence of drawbacks, the conclusion is as follows.

Proposal 1 16 HARQ processes are supported for short TTI 

2.2 Processing time
According to the agreements quoted in Section 1 two sets each of two processing timelines are supported for subslot operation. The support for the different sets is indicated in the UE capability and is different for 1os CRS, 2os CRS and DMRS based SPDCCH.
If a UE is indicating the support of set 1, it is not clear if the UE also need to support set 2. From a processing perspective this would make sense since set 2 is not as demanding, however this needs to be clarified.
Proposal 2 
If a UE indicates support for processing timeline Set 1, it shall also support processing timeline Set 2 for the given configuration.

Currently in the RAN2 signaling, the UE can be configured with the applicable processing timeline for Set 1 and Set 2 separately. This implies for example that the UE could be configured with n+4 for SPDCCH configurations supporting Set 1 and can be configured with n+8 for SPDCCH configurations supporting Set 2 (although one could question the relevance of this type of configuration, it could still happen). But, it has also been agreed that:
	Agreement:

If multiple processing timelines for a given sTTI combination are allowed, then only one processing timeline per PUCCH group is configured


Hence, if a UE has indicated support for both Set 1 and Set 2 for the SPDCCH RB sets it is configured with, the UE shall apply the processing time assumed for Set 2 for that PUCCH group.
Proposal 3 
If a UE has indicated support for both Set 1 and Set 2 for the SPDCCH RB sets it is configured with, the UE shall apply the processing time assumed for Set 2 for that PUCCH group
3 Conclusion
In section 2 we made the following observations:
Observation 1
In case of subslot operation with symmetric TTI length in UL and DL (i.e. {2,2} TTI length combination), more than 8 HARQ processes are required with n+6 and n+8 processing times
Observation 2
In case of subslot operation with asymmetric UL/DL TTI length (i.e. {2,7} TTI length combination), more than 8 HARQ processes are required with n+4 processing time
Observation 3
In case of subslot operation with symmetric UL/DL TTI length (i.e. {2,2} TTI length combination), more than 8 HARQ processes are required with n+4 processing time for UEs capable of simultaneous decoding of sPDSCH and PDSCH


Based on the discussion in section 2 we propose the following:
Proposal 1
16 HARQ processes are supported for short TTI
Proposal 2
If a UE indicates support for processing timeline Set 1, it shall also support processing timeline Set 2 for the given configuration.
Proposal 3
If a UE has indicated support for both Set 1 and Set 2 for the SPDCCH RB sets it is configured with, the UE shall apply the processing time assumed for Set 2 for that PUCCH group
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