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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1] and its WID was updated in RAN#73 [2]. For both 1ms TTI with n+3 timing and sTTI operations, UE and eNB processing time have been discussed in RAN1. Those are related to maximum TA reduction and minimum HARQ timing. This contribution considers some issues related to processing time.
2 Discussions 
The following agreements were made in RAN1#90.

	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:
NOTE: In case of {2,7} combination the minimum of the supported maximum TA values for 2/3-os and 1-slot is applied.


2.1 1ms TTI with n+3 timing
Reducing maximum TA 

The maximum value of TA that the legacy LTE UE needs to assume is 0.67 ms that corresponds to the 100 km cell radius. Therefore, the processing time 3 ms – TA can be 2.33 ms. If it is assumed that the maximum TA is not 0.67 ms but 0.067 ms = 67 us, the minimum processing time that UEs can use becomes about 2.93 ms, which is 26% larger than the legacy value. On the contrary, with too short maximum TA, the cell coverage will decrease much. Therefore, RAN1 needs to consider the maximum TA between 67 us and 0.33 ms. If EPDCCH scheduling is not supported for sTTI operation, the maximum TA of 0.33 ms seems enough. 


Regarding TA, even though each UE knows its own absolute TA value, eNB’s do not need to know the absolute TA value of UEs. When the eNB sends RAR to a certain UE, it delivers the absolute TA value for the UE. After that, the eNB only check the additionally needed TA changes for the UE and sends it through MAC CE. However, it is not difficult for the eNB to know the absolute TA value that the UE uses. By accumulating the changes of TA from the initial TA value in RAR, the eNB can exactly track the TA of the UE. By using this information, the eNB can determine whether the UE can be supported by reduced processing time mode or not.  
Proposal 1: Consider the maximum TA between 67 us and 0.33 ms. If EPDCCH scheduling is not supported for sTTI operation, the maximum TA of 0.33 ms seems enough. 

Observation 1: The eNB can exactly track the TA of the UE by accumulating the changes of TA from the initial TA value in RAR.

Proposal 2: During WI, assume that eNB’s know the absolute TA value.  
2.2 sTTI

By analyzing the components of processing time for sTTI operations in DL and UL, 1) maximum TBS and PRB number, 2) maximum TA, 3) number of CC and 4) DL control channel type are going to be discussed as following.

Restriction on maximum TBS and PRB number


As explained in the above, the data encoding and decoding take some portion of processing time of an eNB and a UE. For sTTI, the number of OFDM/SC-FDMA symbols in each sTTI is smaller than that of subframe TTI. So, TBS must become smaller than that of subframe TTI for a fixed PRB number. Even without any further restriction on TBS, these naturally reduce the data encoding and decoding time. 


However, when the maximum PRB number is restricted for sTTI operation, the performance gain by reducing the minimum timing of DL HARQ feedback and UL data transmission may be degraded because the frequency resource cannot be fully utilized. Therefore, it is better not to restrict the maximum PRB number for sTTI operations unless there is much performance gain through restricting it.
Observation 2: The maximum TBS is naturally reduced for sTTI compared to subframe TTI. 

Observation 3: When the maximum PRB number is restricted for sTTI operation, the performance gain by reducing the minimum timing of DL HARQ feedback and UL data transmission may be degraded because the frequency resource cannot be fully utilized.
Proposal 3: For sTTI operation, the maximum PRB number is not restricted unless much performance gain could be observed by restricting it. 
Reducing maximum TA 

The maximum value of TA that the legacy LTE UE needs to assume is 0.67 ms that corresponds to the 100 km cell radius. Therefore, the processing time 3 ms – TA can be 2.33 ms. 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, RAN1 has discussed on the reduction of maximum TA for TTI shortening. Even though the maximum TA reduction could restrict the deployment scenarios for TTI shortening, the cell radius of 10 km seems to be able to cover a lot of deployment scenarios. If the legacy maximum TA value is considered to make HARQ feedback timing for the short TTI, the latency reduction gain will be much degraded compared to the case with the reduced maximum TA value. If it is assumed that the maximum TA is not 0.67 ms but 0.067 ms = 67 us, the minimum processing time that UEs can use becomes about 2.93 ms, which is 26% larger than the legacy value. The assumed value 67 us TA corresponds to the 10 km cell radius. This 10 km cell radius seems to be enough to support sTTI UEs. Therefore, only UEs having TA less than 67 us can be supported for sTTI operations. But, the maximum TA value needs to include backhaul delay as well as propagation delay. In that case, network needs UEs supporting large maximum TA value. In that case, UE may report its capability of supporting maximum TA value for given minimum HARQ timing value.

Regarding TA, even though each UE knows its own absolute TA value, eNB’s do not need to know the absolute TA value of UEs. When the eNB sends RAR to a certain UE, it delivers the absolute TA value for the UE. After that, the eNB only check the additionally needed TA changes for the UE and sends it through MAC CE. However, it is not difficult for the eNB to know the absolute TA value that the UE uses. By accumulating the changes of TA from the initial TA value in RAR, the eNB can exactly track the TA of the UE. By using this information, the eNB can determine whether the UE can be supported with sTTI or not.

When TBS and implementations are considered for sTTI operation, n+6 and n+8 are feasible for 2OS sTTI with maximum TA of 67 us and 0.33ms, respectively. For slot sTTI, n+4 is feasible both with maximum TA of 67 us and 0.33ms. 

As mentioned above, 1ms TTI processing time reduction to use n+3 timing instead of n+4 timing will assume the reduced maximum TA value, e.g., 0.33 ms. This value of the reduced maximum TA for n+3 timing with 1ms TTI is not necessarily the same as the reduced maximum TA for short TTI operation. Those values can be independently determined.

Proposal 4: UE reports its capability of supporting maximum TA value for given minimum HARQ timing value.
Observation 4: The eNB can exactly track the TA of the UE by accumulating the changes of TA from the initial TA value in RAR.
Proposal 5: During WI, assume that eNB’s know the absolute TA value. 
Proposal 6: The maximum TA values for for n+3 timing with 1ms TTI and for short TTI can be independently determined.
DL control channel type


In the UE side, the DL control channels for DL/UL scheduling can be transmitted by using either CRS-based sPDCCH or DMRS-based sPDCCH. Let’s assume that CRS-based sPDCCH is mapped in the first few symbols of the sTTI and that DMRS-based one is mapped in the all symbols of the sTTI. Now, LTE UEs now use the same minimum timing for both PDCCH and EPDCCH. Similarly, also for sTTI operations, it is better to have the same minimum timing for CRS-based and DMRS-based sPDCCH scheduling. If there are different minimum timings, the timing relation could be too complicated. Also, for sTTI operations, the difference between reception times of CRS-based and DMRS-based sPDCCH must be smaller than the difference between reception times of PDCCH and EPDCCH in the legacy LTE. 
Proposal 7: The common minimum timing is used for CRS-based and DMRS-based sPDCCH scheduling. 
Proposal for sTTI processing timeDL control channel type

From our study, 2 sTTI HARQ-ACK timing difference does not bring much performance gain via SLS evaluations. The issue on processing time for sTTI is just the feasibility at the UE side. For the worst case, the UE needs to perform channel estimation after receiving DMRS, decoding sPDCCH, another channel estimation for sPDSCH, and decoding sPDSCH (at most 3OS sPDSCH). Due to the issues including above one, in our study, we cannot have n+4 timing with max TA 67 us. As shown in Figure 1 and Figure 2, processing time of 6 to 8 symbols can be available to receive sPDCCH and corresponding sPDSCH and to prepare for its HARQ-ACK. For the worst case, i.e., sPDSCH in sTTI 1 for 2-symbol PDCCH case, a UE needs to receive sPDCCH, sPDSCH with 3 symbols, and to prepare for HARQ-ACK within 6 symbols.
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Figure 1: Processing time for HARQ-ACK timing when 1 or 3 symbols PDCCH
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Figure 2: Processing time for HARQ-ACK timing when 2 symbols PDCCH
In summary, the following processing time for sTTI is proposed.

Proposal 8: For the same DL/UL 7-symbol sTTI length, a processing time of n+4 assuming a maximum TA of 0.33ms is supported for DL data to DL HARQ / UL grant to UL data.
Proposal 9: For the same DL/UL 2/3-symbol sTTI length, a processing time of n+8 assuming a maximum TA of 0.33ms for DL data to DL HARQ / UL grant to UL data, or a processing time of n+6 assuming a maximum TA of 0.067ms for DL data to DL HARQ / UL grant to UL data.

3 Conclusions
In this contribution, processing time reduction issues are discussed. It can be summarized as below. 
Observation 1: The eNB can exactly track the TA of the UE by accumulating the changes of TA from the initial TA value in RAR.
Observation 2: The maximum TBS is naturally reduced for sTTI compared to subframe TTI.
Observation 3: When the maximum PRB number is restricted for sTTI operation, the performance gain by reducing the minimum timing of DL HARQ feedback and UL data transmission may be degraded because the frequency resource cannot be fully utilized.
Observation 4: The eNB can exactly track the TA of the UE by accumulating the changes of TA from the initial TA value in RAR.
Proposal 1: Consider the maximum TA between 67 us and 0.33 ms. If EPDCCH scheduling is not supported for sTTI operation, the maximum TA of 0.33 ms seems enough.
Proposal 2: During WI, assume that eNB’s know the absolute TA value.
Proposal 3: For sTTI operation, the maximum PRB number is not restricted unless much performance gain could be observed by restricting it.
Proposal 4: UE reports its capability of supporting maximum TA value for given minimum HARQ timing value.
Proposal 5: During WI, assume that eNB’s know the absolute TA value.
Proposal 6: The maximum TA values for for n+3 timing with 1ms TTI and for short TTI can be independently determined.
Proposal 7: The common minimum timing is used for CRS-based and DMRS-based sPDCCH scheduling.
Proposal 8: For the same DL/UL 7-symbol sTTI length, a processing time of n+4 assuming a maximum TA of 0.33ms is supported for DL data to DL HARQ / UL grant to UL data.
Proposal 9: For the same DL/UL 2/3-symbol sTTI length, a processing time of n+8 assuming a maximum TA of 0.33ms for DL data to DL HARQ / UL grant to UL data, or a processing time of n+6 assuming a maximum TA of 0.067ms for DL data to DL HARQ / UL grant to UL data.
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