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1. Introduction

In RAN1#84bis meeting [1], following are agreed for processing time reduction in latency reduction SI: 
	Agreements:

· It is recommended to support PHICH-less asynchronous UL HARQ for PUSCH scheduled in a short TTI (i.e. for sPUSCH)

· If DL data transmission is scheduled in a short TTI, the processing time for preparing the HARQ feedback by UE and the processing time for preparing a potential retransmission by eNB are assumed to be reduced

· FFS: the extent of processing time reduction

· If UL data transmission is scheduled in a short TTI, the processing time for preparing UL data transmission upon UL grant reception at UE and the processing time for scheduling a potential retransmission by eNB are assumed to be reduced

· FFS: the extent of processing time reduction

· Study whether it is beneficial to limit the maximum TA value supported in conjunction with latency reduction

· Note that this would restrict the deployment scenarios for latency reduction. 

· FFS whether processing time reductions can also be applied to legacy TTI transmissions for UEs that support short TTI


In this contribution, we discuss several aspects of processing time when shortened TTI is applied to LTE legacy systems. 

2. Discussion
2.1. Timing adjustment

To align UL synchronization between multiple UEs associated with the same serving cell, each UE will transmit their UL channels in advance from the DL TTI (e.g. subframe) boundary considering TA command. For instance, if the distance between UE and the serving cell is 100km, the value of TA for this UE will be around 0.67ms (=2*100km/(3*10^8m/s)). The time duration between (E)PDCCH/PDSCH and PUCCH/PUSCH is used for both timing adjustment and processing for decoding/encoding physical channels with implementation margin. In other words, as target cell radius increases, the HARQ process delay or UL grant to PUSCH time will increase unless processing time is reduced. According to our companion contribution [2], since shorter TTI can take advantage from the reduced HARQ process delay or RTT, it is preferred to reduce time for timing adjustment and/or processing. For example, the maximum TA value can be scalable down with TTI length. More specifically, given that implementation margin is also scalable with TTI length, the maximum TA value can be reduced proportional to the TTI length. In our perspective, since 5%-tile UPT performance will be degraded as TTI length decreases and thus it is proposed to use relatively long TTI length for such UEs, it seems not essential to assume very large TA value for very short TTI operation, and thus it seems acceptable to reduce the maximum TA value for shortened TTI. Considering potentially tighter decoding/encoding latency requirement with shorter TTIs whereas the decoding latency of control channel may not be linearly reduced with shorter TTI, it is also considerable to reduce further in TA as TTI length becomes shorter (e.g., 10 km target for 2-symbol TTI instead of 14 km). Once maximum TA per short TTI length is defined, it is also necessary to determine UE behaviour in case a UE is configured with larger TA value than the maximum. One simple approach is to allow the UE to drop short TTI uplink transmissions in such cases. 
Proposal 1: UE with shortened TTI can assume that maximum TA value is reduced with shorter TTI length to reduce overall processing time for shortened TTI. 
Proposal 2: When TA value exceeds from the configured maximum TA value for a given TTI length, it can be considered that UE drops short TTI uplink transmission. 
Meanwhile, the time duration between PUCCH/PUSCH and (E)PDCCH does not need to consider timing adjustment gap. Instead, it is necessary to consider the time needed to perform scheduling algorithm. Furthermore, in case of (s)PDCCH, eNB will encode all the (s)PDCCH to be transmitted for different UEs. Considering these aspects, it needs to investigate how much the eNB processing time for scheduling algorithm/decoding/encoding can be reduced. 
Proposal 3:It is necessary to investigate processing time at eNB side including scheduling, encoding, and decoding for multiple UEs. 
2.2. Processing time for decoding/encoding

· sPDSCH/sPUSCH
After receiving (E)PDCCH and/or PDSCH, UE needs to detect and decode them and to encode the associated PUCCH or PUSCH to response to the serving cell. In case of PUSCH/PDSCH, since the overall number of REs for data mapping will be decreasing as TTI length is shortened, the value of TBS will also decreases. Therefore, its associated decoding/encoding complexity will be reduced, and it can reduce processing time for shortened TTI. Simply, the number of code block (consisting of 6144 bits) and turbo decoding complexity (within a code block) will decrease nearly linearly as TTI length decreases. 
Proposal 4: It is necessary to investigate how to scale TBS size for sPDSCH/sPUSCH considering the processing time reduction as well as reduced number of REs for data mapping. 
According to [3], it can be considered that processing time is reduced while the TTI length still remains to 14 symbols for overall latency reduction. In our perspective, even though TTI length is set to 14os and the number of REs for data mapping is large enough, the maximum TBS size for PDSCH/PUSCH needs to be decreased to reduce processing time. For example, if normal TTI length follows TBS assumption for 7os sTTI. The processing time for decoding (or encoding) is reduced into 0.75ms (or 0.5ms) instead of 1.5ms (or 1ms, respectively). In this case, the HARQ process delay for normal TTI with latency reduction can be 6ms rather than 8ms considering (sub)frame alignment. Figure 1 illustrates the simulation results on the case where CQI delay is 6(s)TTI, CQI period is 5(s)TTI, and CN delay is 0ms. The detailed evaluation assumption is described in [2]. Regarding the simulation results, the average UPT gain of normal TTI with latency reduction scheme is marginal compared to other shortened TTI lengths. 
Observation 1: If maximum TBS for normal TTI is reduced for latency reduction, the performance gain of normal TTI with shortened RTT is marginal compared to other shortened TTI lengths. 
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Figure 1: Average UPT gain of shortened TTI over normal TTI (CN delay = 0ms).
· sPDCCH
In case of (E)PDCCH, UE will perform blind decoding for multiple candidates of DCI formats, (E)CCE index, and search spaces. Unless DCI size and the number of candidates are modified, the processing time for decoding/encoding sPDCCH will not be changed. In this stage, it is unclear whether processing time reduction from sPDSCH/sPUSCH is enough or not. If not, it can further be considered to reduce candidates for sPDCCH for blind decoding complexity. 
Proposal 5: Considering processing time for sPDCCH, it is necessary to define how many candidates for sPDCCH are mapped on each sTTI. 
· Legacy PDCCH region 
In our perspective, at least for common search space monitoring, legacy PDCCH region will explicitly occupy first few OFDM symbol(s) in each subframe. Since OFDM symbol length of PDCCH region is dynamic and UE has to monitor legacy PDCCH, it would be more reasonable to include legacy PDCCH region into shortened TTI. Then, it is assumed that the sPDCCH is transmitted in the legacy PDCCH region for the first shorted TTI in a subframe. To reduce processing time for shortened TTI, it can be considered to share search space between legacy PDCCH and sPDCCH for first TTI in every subframe. Considering the impact on the blind decoding attempts, it is necessary to investigate how sPDCCH is mapped on legacy PDCCH region. For instance, in a UE perspective, only sPDCCH will be mapped on USS in legacy PDCCH region whereas legacy PDCCH will be mapped on only CSS. Furthermore, it can be considered to share blind decoding attempts between normal TTI and short TTI not to increase complexity for (s)PDCCH detection. 
Proposal 6: It can be considered that legacy PDCCH region can be used for sPDCCH mapping. It is necessary to consider processing time aspect to design sPDCCH mapped on legacy PDCCH region. 
Proposal 7: At least for sPDCCH mapped on legacy PDCCH region, it is necessary to share the blind decoding attempts between normal TTI and short TTI. 
2.3. TTI length setting for DL/UL channels
· Multiple TTI for different physical channels
According to the agreements, TTI length for DL and UL can be different. For instance, in case of sPDSCH, depending on application or packet size, the longer TTI can be used. In the meanwhile, since the HARQ-ACK payload size will be relatively small even though its associated TB size is large, the shorter TTI length can be adopted for sPUCCH transmission. Compared to the case where both sPDSCH and sPUCCH have the same TTI length, the overall HARQ process delay can be further reduced. For example, if the TTI length of sPDCCH/sPDSCH is 7 and the TTI length of sPUCCH is 3 or 4, if TA is set to an half of the TTI length of sPDCCH/sPDSCH, and decoding time is set to 1.5 times of the TTI length of sPDCCH/sPDSCH, and encoding time is set to the TTI length of sPUCCH, the overall HARQ process delay can be reduced into 3ms rather than 4ms as shown in Figure 2. The exact value of HARQ process delay can be different depending on the assumption for decoding/encoding time and target TA. It is necessary to investigate in details how to define HARQ process delay when DL and UL channels have different TTI length considering decoding time and encoding time. Alternatively, it can be considered that the HARQ timing or HARQ process delay is given by DCI or high layer signaling. For instance, when sPDSCH is scheduled by sPDCCH, and its associated DCI can indicate the timing of HARQ-ACK transmission for the sPDSCH. Depending on configured HARQ timing, it is possible that multiple HARQ-ACK bits for sPDSCH in different TTI can present. In this case, counter/total DAI-concept as in eCA WI can be reused in addition some high layer signaling (e.g. Bundling window size for HARQ-ACK transmission). 
Proposal 8: It can be considered that HARQ-ACK timing can be indicated by scheduling DCI at least for the case where DL and UL channels have different TTI length.
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Figure 2: Example of HARQ process with different TTI for DL/UL. 
· Considerations on UE receiver processing capability
It is expected that an advanced UE needs to support both short TTI and legacy TTI for the backward compatibility. Given that short TTI may not be the best in all cases, the possibility that a UE needs to support both TTIs at the same time needs to be considered. Moreover, the advance UE needs to support legacy behavior at least to receive cell broadcast messages such as SIB. We consider both legacy TTI and short TTI are mixed up for a UE. A mix-up between legacy TTI with small message of common data and short TTI may not be problematic. On the other hand, a mix-up between long TTI with large message of unicast and short TTI may cause decoding latency issue. If decoding part is shared for data channel of long TTI and data channel of short TTI, the decoding time for data channel of long TTI slows down the starting time for data channel decoding of successive short TTI, which results in increase of the decoding latency of short TTI. 
Secondly, control channel decoding latency needs to be also studied. Considering the maximum of 44 blind decodings for PDCCH of legacy TTI, decoding latency of legacy PDCCH would affect the decoding latency of successive sPDCCH even though the maximum number of blind decodings is reduced for sPDCCH to reduce the processing delay. In other words, if control channel decoder is shared between different TTI sizes, the latency of shortened TTI decoding may be affected by legacy PDCCH decoding. Depending on the capability of decoder for control channel, it needs to be discussed which control channel will be decoded preferentially between legacy and shortened TTI. 
Observation 2: UE capability and requirement to support short TTI in terms of processing needs further study in consideration of multiplexing between legacy and short TTIs.
3. Conclusions

In this contribution, we discussed several aspects for processing time for shortened TTI. Followings are our proposals and observation:  

Proposal 1: UE with shortened TTI can assume that maximum TA value is reduced with shorter TTI length to reduce overall processing time for shortened TTI. 

Proposal 2: When TA value exceeds from the configured maximum TA value for a given TTI length, it can be considered that UE drops short TTI uplink transmission. 
Proposal 3:It is necessary to investigate processing time at eNB side including scheduling, encoding, and decoding for multiple UEs. 
Proposal 4: It is necessary to investigate how to scale TBS size for sPDSCH/sPUSCH considering the processing time reduction as well as reduced number of REs for data mapping. 
Proposal 5: Considering processing time for sPDCCH, it is necessary to define how many candidates for sPDCCH are mapped on each sTTI. 
Proposal 6: It can be considered that legacy PDCCH region can be used for sPDCCH mapping. It is necessary to consider processing time aspect to design sPDCCH mapped on legacy PDCCH region. 

Proposal 7: At least for sPDCCH mapped on legacy PDCCH region, it is necessary to share the blind decoding attempts between normal TTI and short TTI. 
Proposal 8: It can be considered that HARQ-ACK timing can be indicated by scheduling DCI at least for the case where DL and UL channels have different TTI length.
Observation 1: If maximum TBS for normal TTI is reduced for latency reduction, the performance gain of normal TTI with shortened RTT is marginal compared to other shortened TTI lengths. 
Observation 2: UE capability and requirement to support short TTI in terms of processing needs further study in consideration of multiplexing between legacy and short TTIs.
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Appendix A
Table A.1: [CN delay = 0ms, CQI period = 5TTI, CQI delay = 6TTI] - 100kbits

	Reported parameters
	Low load

RU range for legacy TTI: 10%~25%
	Medium load

RU range for legacy TTI: 35%~50%
	High load

RU range for legacy TTI: above 55%

	
	14OS
	7OS
	3/4OS
	2OS
	1OS
	14OS
	7OS
	3/4OS
	2OS
	1OS
	14OS
	7OS
	3/4OS
	2OS
	1OS

	DL UPT CDF [Mbps]
	5%
	2.85
	4.11
	
	
	
	2.72
	3.81
	
	
	
	2.59
	3.32
	
	
	

	
	50%
	2.95
	4.29
	
	
	
	2.94
	4.30
	
	
	
	2.93
	4.23
	
	
	

	
	95%
	2.97
	4.54
	
	
	
	2.97
	4.62
	
	
	
	2.97
	4.32
	
	
	

	
	Mean
	2.93
	4.29
	
	
	
	2.91
	4.27
	
	
	
	2.87
	4.08
	
	
	

	DL Delay CDF [s]
	5%
	0.034
	0.023
	
	
	
	0.034
	0.023
	
	
	
	0.034
	0.023
	
	
	

	
	50%
	0.034
	0.023
	
	
	
	0.034
	0.023
	
	
	
	0.034
	0.024
	
	
	

	
	95%
	0.035
	0.025
	
	
	
	0.037
	0.026
	
	
	
	0.039
	0.030
	
	
	

	
	Mean
	0.034
	0.024
	
	
	
	0.034
	0.024
	
	
	
	0.035
	0.025
	
	
	

	RU
	0.23
	0.14
	
	
	
	0.43
	0.3
	
	
	
	0.63
	0.54
	
	
	

	lambda
	6.2
	20
	95

	Note: FTP model 2 is assumed. TCP connection is maintained for each FTP packet. Assumptions on processing time and mas TBS scaling for 14OS follow that of 7OS.


Table A.2: [CN delay = 0ms, CQI period = 5TTI, CQI delay = 6TTI] - 100kB
	Reported parameters
	Low load

RU range for legacy TTI: 10%~25%
	Medium load

RU range for legacy TTI: 35%~50%
	High load

RU range for legacy TTI: above 55%

	
	14OS
	7OS
	3/4OS
	2OS
	1OS
	14OS
	7OS
	3/4OS
	2OS
	1OS
	14OS
	7OS
	3/4OS
	2OS
	1OS

	DL UPT CDF [Mbps]
	5%
	3.72
	4.49
	
	
	
	2.15
	2.49
	
	
	
	1.26
	1.42
	
	
	

	
	50%
	8.63
	10.82
	
	
	
	7.02
	8.36
	
	
	
	5.95
	6.55
	
	
	

	
	95%
	11.66
	16.06
	
	
	
	11.61
	15.89
	
	
	
	11.59
	15.17
	
	
	

	
	Mean
	8.27
	10.64
	
	
	
	7.07
	8.70
	
	
	
	6.19
	7.39
	
	
	

	DL Delay CDF [s]
	5%
	0.069
	0.050
	
	
	
	0.069
	0.050
	
	
	
	0.069
	0.053
	
	
	

	
	50%
	0.092
	0.074
	
	
	
	0.113
	0.095
	
	
	
	0.134
	0.122
	
	
	

	
	95%
	0.215
	0.180
	
	
	
	0.373
	0.332
	
	
	
	0.637
	0.581
	
	
	

	
	Mean
	0.112
	0.089
	
	
	
	0.154
	0.131
	
	
	
	0.219
	0.195
	
	
	

	RU
	0.22
	0.19
	
	
	
	0.47
	0.43
	
	
	
	0.64
	0.63
	
	
	

	lambda
	0.4
	0.8
	1.2

	Note: FTP model 2 is assumed. TCP connection is maintained for each FTP packet. Assumptions on processing time and mas TBS scaling for 14OS follow that of 7OS.


Table A.3: [CN delay = 0ms, CQI period = 5TTI, CQI delay = 6TTI] - 500kB
	Reported parameters
	Low load

RU range for legacy TTI: 10%~25%
	Medium load

RU range for legacy TTI: 35%~50%
	High load

RU range for legacy TTI: above 55%

	
	14OS
	7OS
	3/4OS
	2OS
	1OS
	14OS
	7OS
	3/4OS
	2OS
	1OS
	14OS
	7OS
	3/4OS
	2OS
	1OS

	DL UPT CDF [Mbps]
	5%
	4.32
	5.53
	
	
	
	2.57
	3.03
	
	
	
	1.40
	1.50
	
	
	

	
	50%
	13.59
	17.34
	
	
	
	9.35
	11.45
	
	
	
	6.30
	6.98
	
	
	

	
	95%
	24.52
	35.07
	
	
	
	24.16
	30.30
	
	
	
	20.92
	24.08
	
	
	

	
	Mean
	14.32
	18.50
	
	
	
	11.24
	13.53
	
	
	
	8.26
	9.19
	
	
	

	DL Delay CDF [s]
	5%
	0.163
	0.114
	
	
	
	0.166
	0.132
	
	
	
	0.191
	0.166
	
	
	

	
	50%
	0.294
	0.230
	
	
	
	0.422
	0.351
	
	
	
	0.632
	0.573
	
	
	

	
	95%
	0.925
	0.707
	
	
	
	1.559
	1.358
	
	
	
	2.856
	2.872
	
	
	

	
	Mean
	0.384
	0.290
	
	
	
	0.588
	0.514
	
	
	
	0.956
	0.899
	
	
	

	RU
	0.21
	0.17
	
	
	
	0.44
	0.38
	
	
	
	0.69
	0.61
	
	
	

	lambda
	0.08
	0.15
	0.24

	Note: FTP model 2 is assumed. TCP connection is maintained for each FTP packet. Assumptions on processing time and mas TBS scaling for 14OS follow that of 7OS.
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