
3GPP TSG RAN WG1 Meeting #87
R1-1611167
Reno, USA 14th - 18th November 2016
Agenda Item:     6.2.10.2.6
Source:
Huawei, HiSilicon
Title:
Processing time reduction and related procedures for short TTI
Document for:
Discussion and decision
1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. 
In RAN1#85 meeting, it was agreed that
· It is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13

· Details are FFS

· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length
· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· 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 timing

· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths

· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced

In this contribution, processing time reduction and related procedures for short TTI are discussed, including maximum TA, processing time reduction, DL HARQ timing and UL scheduling timing. 
2 Maximum TA for short TTI
To reduce latency, maximum TA has been recommended in SI to be reduced. Table 1 lists the ratio 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. UL coverage of sPUCCH will be shrunk linearly according to UL shortened TTI length if only considering the power loss. Therefore, a straightforward way is to reduce the maximum TA value approximately linearly with the UL sTTI length. For example, with 7-symbol, 4-symbol and 2-symbol UL sTTIs, maximum TA value could be 333.4us (50km), 166.7us (25km) and 66.7us (10km), respectively.
Table 1. Ratio of TA to sTTI
	Cell radius / TA
	2 symbols (142.8 us)
	4(3) symbols (~0.25 ms)
	7 symbols (0.5 ms)
	14 symbols (1 ms)

	5km / 33.3us
	0.2 sTTI
	0.1 sTTI
	0.06 sTTI
	0.03 sTTI

	10km / 66.7us
	0.5 sTTI
	0.3 sTTI
	0.13 sTTI
	0.06 sTTI

	25km/166.7us
	1.2 sTTI
	0.7 sTTI
	0.3 sTTI
	0.2 sTTI

	50km / 333.3us
	2.3 sTTI
	1.3 sTTI
	0.6 sTTI
	0.3 sTTI

	100km / 666.7us
	4.7 sTTI
	2.6 sTTI
	1.3 sTTI
	0.6 sTTI


Proposal 1: The maximum TA for short TTI can be approximately linearly scaled to UL sTTI length, i.e, the maximum TA is 333.4us (50km) for 1-slot sTTI, 166.7us (25km) for 4 OS sTTI and 66.7us (10km) for 2OS sTTI, respectively.
3 Processing time reduction for short TTI
The processing time for UE, i.e. DL HARQ timing and UL scheduling timing, is discussed in this section. Total processing time for UE includes processing parts linear to TTI length such as turbo encoding and decoding, and processing parts independent of TTI length such as TA. Different UE processing capabilities can have different processing time for the part linear to TTI length, and different coverage translates into different TA. Hence, different UE capabilities under different coverage result in different minimum processing time, similar to the analysis in [2]. A default time could be selected considering the typical UE capability and cell coverage, e.g, k=6. Considering there could be high-end UEs which aim to meet higher latency reduction target, it is also possible for those UE to report additional UE capability to further reduce the processing time. In turn, the eNB could choose to configure a corresponding time offset relative to the default value for those UEs with extra capability.  
Proposal 2: In addition to the default processing time, another UE capability to further reduce the processing time could be reported. For those UE, the processing time consists of a default processing time (k=6) and a processing time offset that is configured by eNB.
4 HARQ process number for short TTI
HARQ process number is decided based on RTT which includes processing time of UE and processing time of eNB. In the study, it was agreed that n + 8 sTTI is the upper limit of UE processing time. Although the processing time for eNB is up to implementation algorithm, n + 8 sTTI can also be assumed. Therefore, considering the maximum processing time, the maximum number of HARQ processes should be 16.
In addition, since 1ms TTI and short TTI can be switched dynamically, if short TTI is enabled, whether HARQ processes are shared between 1ms TTI and short TTI or not needs further study.
Proposal 3: For FS1, the maximum number of HARQ processes for sTTI is 16.

· FFS on whether HARQ processes can be shared between 1ms TTI and short TTI or not.
5 HARQ timing for FS1
5.1 DL HARQ timing
As discussed above, a default HARQ feedback timing needs to be specified. In this section, we discuss the default DL HARQ timing for short TTI assuming the same or different UL/DL TTI. 
5.1.1 The same DL/UL TTI length
Considering the current UE processing capability, a processing time of n + 4 sTTI is very challenging. For simplicity and feasibility, n+6 processing time is proposed. As shown in Figure 1, for a 2-symbol sPDSCH transmitted in sTTI i of subframe n, its HARQ-ACK feedback is transmitted in sTTI i of subframe n+1 by default.

Proposal 4: For the same DL/UL sTTI length, the default DL HARQ processing time is n+6 sTTI.
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Figure 1. HARQ timing for 2-symbol TTI (FDD)

5.1.2 Different DL/UL TTI lengths
As analyzed in [3], different TTI length for DL and UL should be supported considering uplink coverage. According to the agreement in last meeting that UL sTTI length is no less than DL sTTI length, there are less UL sTTIs than DL sTTIs in a subframe with different UL/DL sTTI length. Hence, more than one sPDSCH transmissions have to be feedback in one single UL sTTI. To average the sPUCCH resource requirement between UL sTTIs, we propose that the ACK/NACK overhead to sPDSCH should be averaged between UL sTTIs. The exemplified design is described in this section.
Proposal 5: For different DL/UL sTTI length, the ACK/NACK overhead should be averaged among UL sTTIs as much as possible.
· 2-symbol sPDSCH and 4-symbol sPUCCH

As shown in Figure 2 and Table 2, for DL transmission(s) in DL sTTI0 and sTTI1 of subframe n-1, HARQ-ACK feedback is transmitted in UL sTTI0 of subframe n; for DL transmission(s) in DL sTTI2 of subframe n-1, HARQ-ACK feedback is transmitted in UL sTTI1 of subframe n; for DL transmission(s) in DL sTTI3 and sTTI4 of subframe n-1, HARQ-ACK feedback is transmitted in UL sTTI2 of subframe n; for DL transmission(s) in DL sTTI5 of subframe n-1, HARQ-ACK feedback is transmitted in UL sTTI3 of subframe n.
Table 2. DL HARQ timing for 2-symbol DL sTTI and 4-symbol UL sTTI (FDD)

	sPDSCH in DL sTTI i of subframe n-1
	HARQ-ACK in UL sTTI j of subframe n

	i =0,1
	j =0

	i =2
	j =1

	i =3,4
	j =2

	i =5
	j =3
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Figure 2. HARQ timing for 2-symbol sPDSCH and 4-symbol sPUCCH (FDD)

· 2-symbol sPDSCH and 1-slot sPUCCH

As shown in Figure 3 and Table 3, for DL transmission(s) in DL sTTI0, sTTI1 and sTTI2 of subframe n-1, HARQ-ACK feedback is transmitted in UL sTTI0 of subframe n; for DL transmission(s) in DL sTTI3, sTTI4 and sTTI5 of subframe n-1, HARQ-ACK feedback is transmitted in UL sTTI1 of subframe n.

Table 3. DL HARQ timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

	sPDSCH in DL sTTI i of subframe n-1
	HARQ-ACK in UL sTTI j of subframe n

	i =0,1,2
	j =0

	i =3,4,5
	j =1
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Figure 3. HARQ timing for 2-symbol sPDSCH and 1-slot sPUCCH (FDD)

Proposal 6: For different DL/UL sTTI length, the default HARQ timing is defined as
· Table 2 for 2-symbol DL sTTI and 4-symbol UL sTTI for FS1, if 4-symbol UL sTTI is supported,
· Table 3 for 2-symbol DL sTTI and 1-slot UL sTTI for FS1.
5.2 UL scheduling timing 
As discussed above, a default UL scheduling timing needs to be specified. In this section, we discuss the default UL scheduling timing for short TTI assuming the same and different DL/UL TTI length.
5.2.1 The same UL/DL TTI lengths
Considering the current UE processing capability, n + 4 sTTI for short TTI operation is very challenging. For simplicity and feasibility, n+6 processing time is proposed. As shown in Figure 4, a 2-symbol sPUSCH scheduled by UL grant in DL sTTI i of subframe n is transmitted in UL sTTI i of subframe n+1 by default.
Proposal 7: For the same DL/UL sTTI length, the default UL scheduling timing is n +6 sTTI.

[image: image4.emf] 

sTTI0 sTTI1 sTTI2 sTTI3

Subframe  n

sTTI4 sTTI5

UL Grant

sTTI0 sTTI1 sTTI2 sTTI3 sTTI4 sTTI5

PUSCH

Subframe  n+1


Figure 4. Scheduling timing for 2-symbol TTI (FDD)

5.2.2 Different UL/DL TTI lengths
According to agreement in last meeting that UL sTTI length is no less than DL sTTI length, there are more DL sTTIs than UL sTTIs in a subframe with different UL/DL sTTI length. Hence, a sPUSCH can be scheduled by only one or more DL sTTIs, which represent two options in UL scheduling time. In the discussion, we denote that for an UL grant in DL sTTI i of subframe n, the scheduled sPUSCH is transmitted in UL sTTI j of subframe n+k. 
· Option 1: A sPUSCH is scheduled by a UL grant which can only be transmitted in one pre-defined DL sTTI, as shown in Figure 5, Figure 6, Table 4 and Table 5. With this option, the sDCI detection complexity can be reduced, while eNB implementation flexibility to distribute sDCI overhead between sTTI is restricted.
Table 4. UL scheduling timing for 2-symbol DL sTTI and 4-symbol UL sTTI (FDD)

	UL Grant in DL sTTI i of subframe n
	PUSCH in UL sTTI j of subframe n+1

	i =0
	j =0

	i =2
	j =1

	i =3
	j =2

	i =5
	j =3


[image: image5.emf] 

sTTI0 sTTI1 sTTI2 sTTI3

Subframe  n

sTTI4 sTTI5

UL Grant

sTTI0 sTTI1 sTTI2 sTTI3

sTTI0 sTTI1 sTTI2 sTTI3

Subframe  n+1

sTTI4 sTTI5

sPUSCH

sTTI0 sTTI1

sTTI2 sTTI3


Figure 5. Scheduling timing for 2-symbol DL sTTI and 4-symbol UL sTTI (FDD)

Table 5. UL Scheduling timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

	UL Grant in DL sTTI i of subframe n
	PUSCH in UL sTTI j of subframe n+2

	i =0
	j =0

	i =3
	j =1
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Figure 6. Scheduling timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

· Option 2: A sPUSCH is scheduled by a UL grant which can be transmitted in one of several DL sTTI , as shown in Figure 7, Figure 8, Table 6 and Table 7. With this option, the sDCI detection complexity is a little larger than option 1, however, it provides the eNB implementation flexibility to distribute sDCI overhead between sTTI.
Table 6. UL scheduling timing for 2-symbol DL sTTI and 4-symbol UL sTTI (FDD)

	UL Grant in DL sTTI i of subframe n
	PUSCH in UL sTTI j of subframe n+1

	i =0
	j =0

	i =1, 2
	j =1

	i =3, 4
	j =2

	i =5
	j =3
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Figure 7. Scheduling timing for 2-symbol DL sTTI and 4-symbol UL sTTI (FDD)

Table 7. UL scheduling timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

	UL Grant in DL sTTI i of subframe n
	PUSCH in UL sTTI j of subframe n+2

	i =0, 1, 2
	j =0

	i =3, 4, 5
	j =1


[image: image8.emf] 

sTTI0 sTTI1 sTTI2 sTTI3

Subframe  n

sTTI4 sTTI5

UL Grant

sTTI0 sTTI1

sTTI0 sTTI1 sTTI2 sTTI3

Subframe  n+2

sTTI4 sTTI5

sPUSCH

sTTI0

sTTI1

… ...

… ...


Figure 8. Scheduling timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

Proposal 8: For different UL/DL sTTI length, consider two options on scheduling timing
· A UL sTTI can be scheduled in only one DL sTTI,

· A UL sTTI can be scheduled in multiple DL sTTIs.
6 SRS trigger timing
Currently, aperiodic SRS transmission can be triggered by a positive SRS request carried on DCI formats 0/4/1A/6-0A/6-1A for FDD and TDD and DCI formats 2B/2C/2D for TDD. The minimal latency from the detection of SRS request to SRS transmission, i.e., the preparing time of aperiodic SRS transmission is 4ms. In fact, 4ms SRS preparing can be reduced for current UE capability under certain coverage since only one SRS symbol is generated. As fast channel state information acquisition and fast link adaptation can improve performance such as UPT gain, a fast SRS triggering scheme should be adopted in sTTI. 

A UE upon detection of a positive SRS request in the sTTI #i shall transmit SRS in the last symbol of the first valid SRS subframe, the SRS subframe is valid after i+k sTTI. As legacy system, the SRS subframe is RRC configured. Considering the legacy SRS generation timing, the default value of k could be 4.
Proposal 9: Support fast SRS triggering in sTTI.
7 Conclusion

In this contribution, processing time reduction and related procedures for short TTI are discussed. Based on the discussion, the following proposals are made:

Proposal 1: The maximum TA for short TTI can be approximately linearly scaled to UL sTTI length, i.e, the maximum TA is 333.4us (50km) for 1-slot sTTI, 166.7us (25km) for 4 OS sTTI and 66.7us (10km) for 2OS sTTI, respectively.
Proposal 2: In addition to the default processing time, another UE capability to further reduce the processing time could be reported. For those UE, the processing time consists of a default processing time (k=6) and a processing time offset that is configured by eNB.
Proposal 3: For FS1, the maximum number of HARQ processes for sTTI is 16.

· FFS on whether HARQ processes can be shared between 1ms TTI and short TTI or not.

Proposal 4: For the same DL/UL sTTI length, the default DL HARQ processing time is n+6 sTTI.
Proposal 5: For different DL/UL sTTI length, the ACK/NACK overhead should be averaged among UL sTTIs as much as possible.
Proposal 6: For different DL/UL sTTI length, the default HARQ timing is defined as

· Table 2 for 2-symbol DL sTTI and 4-symbol UL sTTI for FS1, if 4-symbol UL sTTI is supported,
· Table 3 for 2-symbol DL sTTI and 1-slot UL sTTI for FS1.
Proposal 7: For the same DL/UL sTTI length, the default UL scheduling timing is n +6 sTTI.
Proposal 8: For different UL/DL sTTI length, consider two options on scheduling timing

· A UL sTTI can be scheduled in only one DL sTTI,

· A UL sTTI can be scheduled in multiple DL sTTIs.
Proposal 9: Support fast SRS triggering in sTTI.
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