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Discussion and decision
1 Introduction

In RAN#67, the study item on latency reduction was approved [1]. RAN1 has been studying TTI shortening and reduced processing time for latency reduction. So far, RAN1 and RAN2 in TTI shortening basically have assumed UL access delay and HARQ RTT reduced proportionally to the length of short TTI. Therefore, an important issue is how to make the reduced UL access delay and HARQ RTT feasible. 

In RAN1#84bis, eNB and UE processing time was discussed, but the extent of the processing time reduction is now FFS. For that, RAN1 needs to further consider the specification impacts for the processing time reduction at eNB and UE sides. 

In this contribution, we discuss some issues related to processing time for short TTI operations. 
2 Discussions 

RAN1 discussed processing time related issues for short TTI and had the agreements in RAN1#84bis as below.

	· 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


Study on UL transmission and DL HARQ-ACK reporting timing 

In Figure 1-(a) and (b)/(c), the timing relation can be seen without timing advance and with timing advance, respectively. If we just scale down the sPUSCH transmission timing after receiving UL grant or DL HARQ A/N reporting timing by TTI length, there would be 3 TTIs for the short-TTI UE in processing if there is no timing advance as shown in Figure 1-(a). If timing advance is applied, the processing time that can be used by the short-TTI UE would be 3 TTIs – 2TP or 3 TTIs – TA, where TA is the value of timing advance with the unit of second or msec. Here, as shown in Figure 1-(c), in case of very short TTI length or large propagation delay, the processing time 3 TTIs – TA can be less than 1 TTI or even it can become a negative value. 
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Figure 1: Timing relation (a) without timing advance and (b)/(c) with timing advance


Even though there is no maximum value of TA for connected mode UEs in the legacy LTE systems, we can consider about 100 km cell radius for the maximum value of TA from TA indication bits in RAR. In this case, the maximum TA becomes 0.67 msec. For subframe TTI, the processing time 3 TTIs – TA equals to about 2.33 msec. However, with the assumption of scaling down the HARQ A/N reporting timing by the TTI length, for slot TTI, the processing time 3 TTIs – TA equals to just 0.83 msec. This processing time is summarized in the next table.
Table 1: Available processing time for UE according to TTI length for considering max TA (0.67 ms)
	TTI length
	processing time 3 TTIs – TA
	# of TTI for processing time

	1 ms
	2.33 ms
	2.33 TTIs

	0.5 ms
	0.83 ms
	1.66 TTIs

	0.25 ms
	0.08 ms
	0.32 TTIs

	0.14 ms
	-0.25 ms
	-1.79 TTIs



As can be seen in Table 1, for short TTI, the available processing time seems not enough. To solve this issue, we can simply consider three alternatives as follows.
	Alt 1. Limit max TA

Alt 2. Use common value of k with considering max TA and TTI length

Alt 3. Use UE-specific value of k with considering max TA and TTI length for a given UE



For Alt 1, as noted in the agreements from RAN1#85, this limitation would restrict the deployment scenarios for latency reduction. RAN1 can discuss whether this limitation of deployment scenarios is appropriate for latency reduction. For Alt 2, this would build the timing for short-TTI operations with fixed value as LTE does with different values of k. This scheme may be the simplest way to go. For Alt 3, different short-TTI UEs are allowed to use different values of k for sPUSCH transmission and HARQ A/N reporting. One of the reasons to adopt UL asynchronous HARQ operation for short-TTI UEs is that it can give some latency reduction according to eNB capability. With the same logic of UL asynchronous HARQ operation for short-TTI UEs, Alt 3 can also contribute to additional latency reduction. 
Observation 1: Limitation of max TA would restrict the deployment scenarios for latency reduction.
Observation 2: Using common value of k with considering max TA and TTI length may be a simple method for sTTI operation.
Observation 3: Using UE-specific value of k with considering max TA and TTI length for a given UE may bring performance improvement for latency reduction.
Proposal 1: Limitation of max TA for short-TTI operations is not appropriate. 
Proposal 2: Use either common or UE-specific value of k with considering max TA and TTI length.
Processing time of eNB and UE


To reduce HARQ RTT and UL access delay, processing time of eNB and UE needs to be shortened for DL and UL transmission. Since the processing time may vary a lot depending on each company’s implementation, in this section, we briefly study the processing time of the eNB and UE. 
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Figure 2: Time consumption of each eNB and UE step in DL transmission

So far, the HARQ RTT reduced proportionally to the TTI length is basically considered in the evaluation during this study item, i.e., for instance, 1-symbol TTI has 8 OFDM symbols for HARQ RTT while subframe TTI has 8 ms for HARQ RTT. In Figure 2, time consumption of eNB and UE procedure is illustrated for DL transmission. In the UE side, Turbo decoding is the most time-consuming part after PDSCH reception, where the required time for Turbo decoding is proportional to the length of the codeword. 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. Since PDCCH-type is considered in Figure 2, the decoding for DL control channel can begin before the end of the corresponding TTI. In the eNB side, after receiving PUCCH (or PUSCH) having HARQ-ACK information, the eNB performs several steps shown in Figure 2. Like Turbo decoding, Turbo encoding for PDSCH may also take time proportionally to the length of the codeword. 


However, there are other parts in UE and eNB processing that requires time not depending on the TTI length unlike Turbo encoding and decoding. Therefore, it seems not feasible to have 8 TTIs as HARQ RTT for a very short TTI, for example, 1-symbol TTI. So, RAN1 needs to study the feasibility of HARQ RTT for each short TTI and needs to evaluate the performance with the HARQ RTT for given TTI length.


Figure 3 illustrates time consumption of eNB and UE procedure for UL transmission. Similar to DL transmission, Turbo decoding is the main processing part for the eNB, which is linearly proportional to the length of the codeword. In the UE side, the DL control information for UL scheduling can be transmitted by using either PDCCH-type or EPDCCH-type. For the UE to meet the required processing time, a faster decoder for DL control channel is needed for EPDCCH-type.
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Figure 3: Time consumption of each UE and eNB step in UL transmission
Observation 4: EPDCCH-type control channel consumes more processing time than PDCCH-type control channel.

Observation 5: RAN1 needs to study the feasibility of HARQ RTT for each short TTI and needs to evaluate the performance with the HARQ RTT for given TTI length.
sPDCCH type to reduce processing time for UE

In pre-Rel.14 LTE UEs, there are two ways to send DCI, which are PDCCH and EPDCCH. PDCCH is TDM to multiplex control and data while EDPCCH is FDM. RAN1 needs to discuss which type between TDM and FDM is more proper for sPDCCH. One of the advantages of TDM approach is to reduce the processing time of the sPDCCH decoding. It is because an sTTI UE does not need to wait for the end of the sTTI to decode the sPDCCH when sPDCCH is allocated in the first one or two OFDM symbols of each sTTI. Strictly speaking, in Figure 4-(a), sPDCCH is not transmitted in the entire system bandwidth, but instead it is transmitted in the pre-configured PRBs. In this regards, the sPDCCH approach of Figure 4-(a) can be viewed as hybrid approach of TDM and FDM. 
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Figure 4: TDM- and FDM-type sPDCCH
Proposal 3: sPDCCH appears in the first one or two OFDM symbols in configured PRBs.

3 Conclusions
In this contribution, we discussed processing time for short TTI transmission. It can be summarized as below.

Observation 1: Limitation of max TA would restrict the deployment scenarios for latency reduction.
Observation 2: Using common value of k with considering max TA and TTI length may be a simple method for sTTI operation.
Observation 3: Using UE-specific value of k with considering max TA and TTI length for a given UE may bring performance improvement for latency reduction.
Observation 4: EPDCCH-type control channel consumes more processing time than PDCCH-type control channel.
Observation 5: RAN1 needs to study the feasibility of HARQ RTT for each short TTI and needs to evaluate the performance with the HARQ RTT for given TTI length.
Proposal 1: Limitation of max TA for short-TTI operations is not appropriate.
Proposal 2: Use either common or UE-specific value of k with considering max TA and TTI length.
Proposal 3: sPDCCH appears in the first one or two OFDM symbols in configured PRBs.
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