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1 Introduction

The performance of latency reduction due to TTI length shortening is evaluated in RAN2 with the assumption that the processing times can be scaled by the same factor of TTI reduction keeping the same number of HARQ processes. This assumption shall be further checked if the TTI length is very short. In RAN1 meeting #84bis, it was agreed:  
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, the processing time reduction at both UE and eNB side are discussed.
2 Processing time reduction 
Figure 1 shows the baseline assumptions of eNB and UE processing delays and HARQ RTT in RAN2 [1], where 1.5 TTI is assumed for eNB processing and scheduling, and 1.5 TTI is also assumed for UE processing.
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Figure 1 eNB and UE processing delays and HARQ RTT

In the above figure, however, all the processing delays are scaled according to TTI length. In fact, there are some delays, e.g., TA, or CPRI delay if there is a remote radio head in the network, shall not be reduced by TTI length. Figure 2 gives an illustration of eNB and UE processing time with TA considered.
First we consider UE processing time. The processing time at UE side can be separated into three parts, as in Figure 2, D1 indicates the duration of TTI transmission, D2 indicates the processing time of subframe n for demodulation of PDCCH and PDSCH for DL that eNB schedules a PDSCH to UE or decoding of a UL grant if the UE has uplink data to transmit, D3 indicates the preparation time for PUCCH or PUSCH. D1obviously can be scaled with the factor of TTI length. For D2, to reduce PDCCH processing time and to avoid additional UE capability requirement, it is preferred to keep the maximum PDCCH blind decodes in a subframe almost the same as before [2], then we may assume the PDCCH processing time can be reduced proportionally. The processing time of demodulation and data preparation of a short TTI can be reduced normally due to the shorter duration of signal.
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Figure 2 eNB and UE processing time with TA included
Note that for uplink, the signal shall be transmitted in advance in order to align the arrived timing at eNB side, which means the TA shall be included in UE processing time. So the available processing time at UE side is smaller if the TA is larger. Table 1 lists the percentage of maximum TA value to candidate TTI length with the cell radius of 5km, 10km, 30km, and 100km respectively, which to some extent shows the impact of TA value.

Table 1 Percentage of TA to TTI length
	Cell radius / TA
	1 symbol (71.4 us)
	2 symbols (142.8 us)
	4(3) symbols (0.25 ms)
	7 symbols (0.5 ms)
	14 symbols (1 ms)

	5km / 33.3us
	46.6%
	23.3%
	13.3%
	6.7%
	3.3%

	10km / 66.7us
	93.4%
	46.7%
	26.7%
	13.3%
	6.7%

	30km / 200us
	280.1%
	140.1%
	80.0%
	40.0%
	20.0%

	100km / 666.7us
	933.8%
	466.9%
	266.7%
	133.3%
	66.7%


Observation 1: The UE processing time may not be scaled by the same factor (4 times) of TTI length due to TA. The impact of TA is larger if the TTI length is shorter with the same cell radius. 
Since the TA will to some extent impact on the actual processing time at UE side, one option is to limit the maximum TA value for latency reduction. However, the maximum TA represents the supported cell radius for short TTI, limiting it would restrict the deployment scenarios. Another option is to allow UE-specific HARQ processing delay to adapt different UE capabilities, so each UE can achieve latency reduction gain to their best effort.   
Proposal: Introduce UE-specific HARQ processing delay to adapt different UE capabilities.
Then we consider eNB processing time. The processing time at eNB side can also be separated into three parts, as in Figure 2, D4 indicates the duration of uplink TTI transmission, D5 indicates the processing time for demodulation of PUCCH or PUSCH, D6 indicates the preparation time for eNB scheduling a PDCCH or PDSCH. Similar to UE, the transmission and the processing time for demodulation of a short TTI can be reduced proportionally to the shortened TTI length. For downlink transmission preparation, the ratio of data preparation time to the TTI length may not be linear if the TTI length is very short, considering that eNB is assumed to have a large flexibility in scheduling in one TTI. However, eNB scheduling is up to implementation algorithm, here we assume the processing time for eNB scheduling is still reduced in proportion to TTI length.
Observation 2: The eNB processing time may be scaled by the same factor (4 times) of TTI length.
In last RAN1 meeting, it was agreed that TTI length for DL and UL can be different. Straightforwardly, the processing time reduction may be still proportional to the corresponding TTI length. For example, assume the DL TTI length is 142.8us (2 symbols), the uplink TTI length is 250us (4(3) symbols), and there is no TA impact, then the total UE processing time is 142.8 + 142.8 * 1.5 + 250 * 1.5 = 732us, the total eNB processing time is 250 + 250 * 1.5 + 142.8 * 1.5 = 839.2us.
3 Conclusion
In this contribution, the processing time reduction at both UE and eNB side are discussed. Based on the discussion, the following observations are made:
Observation 1: The UE processing time may not be scaled by the same factor (4 times) of TTI length due to TA. The impact of TA is larger if the TTI length is shorter with the same cell radius.
Observation 2: The eNB processing time may be scaled by the same factor (4 times) of TTI length.
And the following proposal is made:

Proposal: Introduce UE-specific HARQ processing delay to adapt different UE capabilities.
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