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1 Introduction

In RAN1#90 meeting [1], it was agreed that
· 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

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

In RAN1#88bis meeting [2], it was agreed that
· To adopt the shortened processing timing for the 1ms operation, only PDCCH based scheduling is supported.
· The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer

· FFS: UE capability on:

· The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH 

· RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH

In RAN1#86 meeting, it was agreed that 
· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 
In this contribution, maximum TA, processing time reduction and related procedures for short TTI are discussed. 

2 Maximum TA for short TTI and 1ms TTI
2.1 Maximum TA for 1ms TTI
To support 1ms TTI with n+3 processing time, a maximum TA will be reduced to x ms. According to the email discussion [90-14] on processing time, the maximum TA for 1ms TTI could belong to the range of 166us~330us, and if possible the larger the better. 
Proposal 1: The maximum TA value for reduced processing time operation of 1ms TTI is a value belonging to 166us~330us.

2.2 Maximum TA for 2/3-symbol sTTI
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 and 100km respectively, which to some extent shows the impact of TA value.
Table 1. Ratio of TA to sTTI
	TA/sTTI length
	Cell radius / max. TA

	
	10 km/0.067 ms
	50 km/0.33 ms
	100 km/0.66 ms

	2-symbol sTTI
	0.5 sTTI
	2.3 sTTI
	4.7 sTTI

	1-slot sTTI
	0.13 sTTI
	0.6 sTTI
	1.3 sTTI


Since a large maximum TA means large coverage, while a small maximum TA supports faster DL HARQ timing and UL scheduling timing, one alternative is that multiple maximum TA values can be considered for short TTI to meet different requirements in different scenarios. To enable lower latency, we think n+4 processing time is needed, while a longer processing time can be configured assuming a larger TA value for large coverage. So our proposal is as below:
Proposal 2：For the same DL/UL 2/3-symbol sTTI length, a UE capable of operating sTTI is configured by higher layer to support 

· a processing time of n+4 assuming a maximum TA X for DL data to DL HARQ and for UL grant to sPUSCH, or a processing time of n+6 assuming a maximum TA X + ~280 us for DL data to DL HARQ and for UL grant to sPUSCH 

· 33us<= X <= 67us

2.3 Maximum TA for 1-slot sTTI
For 1-slot sTTI, the difference between 0.33ms and 0.067ms is about 0.5sTTI which is not that big, thus it is possible that only the maximum TA 0.33ms is supported even if multiple TA values are supported for 2/3-symbol sTTI. We slightly prefer 330us, because it would be good to support the TA value as large as possible to enable a larger coverage, as long as it can be supported with a given processing time.  However, for progress we would be ok with a value belong to 166us~330us.

Proposal 3: For 1-slot sTTI, the maximum TA is a value belonging to 166us~330us.
3 DL HARQ timing for FS1

As discussed above, different processing times can be configured with different maximum TA assumption. In this section, we will discuss DL HARQ timing for short TTI assuming the same or different UL/DL TTI length. 

3.1 The same DL/UL 2/3-symbol sTTI length
For simplicity and feasibility, n+6 processing time is proposed for 0.33ms maximum TA or slightly smaller than 0.33ms maximum TA. 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. As discussed in section 2.2, n+4 processing time assuming a maximum TA of no more than 0.067ms can also be supported, which is shown in Figure 2.   
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Figure 1. n+4 HARQ timing for 2/3-symbol sTTI (FDD)
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Figure 2. n+6 HARQ timing for 2/3-symbol sTTI (FDD)

3.2 Different DL/UL TTI lengths
For better ACK/NACK performance, load balance should be used for HARQ timing design. That is, ACK/NACK overhead to sPDSCH should be averaged between UL sTTIs. The exemplified design is described in this section.

For small maximum TA, as shown in Figure 3 and Table 2, for DL transmission(s) in DL sTTI 0, sTTI 1 and sTTI 2 of subframe n, HARQ-ACK feedback is transmitted in UL sTTI 0 of subframe n+1; for DL transmission(s) in DL sTTI 3, sTTI 4 and sTTI 5 of subframe n, HARQ-ACK feedback is transmitted in UL sTTI1 of subframe n+1. For large maximum TA, as shown in Table 2, for DL transmission(s) in DL sTTI 0, sTTI 1 and sTTI 2 of subframe n, HARQ-ACK feedback is transmitted in UL sTTI 1 of subframe n+1; for DL transmission(s) in DL sTTI 3, sTTI 4 and sTTI 5 of subframe n, HARQ-ACK feedback is transmitted in UL sTTI 0 of subframe n+2.
Table 2. DL HARQ timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

	Small Maximum TA value (X us)
	Large Maximum TA value (X+280 us)

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

	i =0,1,2
	j =0
	i =0
	in UL sTTI  j =0 in subframe n+1

	i =3,4,5
	j =1
	i =1,2,3
	in UL sTTI  j =1 in subframe n+1

	-
	-
	i =4,5
	in UL sTTI j =0 in subframe n+2
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Figure 3. HARQ timing for 2-symbol sPDSCH and 1-slot sPUCCH for small maximum TA (FDD)

Proposal 4: For 2-symbol DL sTTI and 1-slot UL sTTI, DL HARQ timing is defined as Table 2.
4 UL scheduling timing for FS1

As discussed above, different processing times can be configured with different assumption of maximum TA. In this section, we will discuss UL scheduling timing for short TTI assuming the same or different UL/DL TTI length.
4.1 The same UL/DL 2/3-symbol sTTI lengths
For simplicity and feasibility, n+6 processing time is proposed for large maximum TA. As shown in Figure 4, n+6 processing time is considered in 2/3-symbol sTTI, and thus an sPUSCH scheduled by UL grant in DL sTTI i of subframe n is transmitted in UL sTTI i of subframe n+1. As discussed in section 2.2, n+4 processing time for small maximum TA can also be supported, which is shown in Figure 5.
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Figure 4. UL scheduling timing for 2/3-symbol TTI for large maximum TA (FDD)
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Figure 5. HARQ timing for 2/3-symbol sTTI for small maximum TA (FDD)

4.2 Different UL/DL TTI lengths
According to agreement in RAN1#86 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, an sPUSCH can be scheduled by 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: An sPUSCH is scheduled by a UL grant which can only be transmitted in one pre-defined DL sTTI, as shown in Table 3 and Figure 6. With this option, the sDCI detection complexity can be reduced, while eNB implementation flexibility to distribute sDCI overhead between sTTI is restricted.
Table 3. 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 assuming 0.33ms maximum TA (FDD)
· Option 2: An sPUSCH is scheduled by a UL grant which can be transmitted in one of several associated DL sTTIs, as shown in Table 4 and Figure 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 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, 1, 2
	j =0

	i =3, 4, 5
	j =1
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Figure 7. Scheduling timing for 2-symbol DL sTTI and 1-slot UL sTTI (FDD)

Proposal 5: For different UL/DL sTTI length, the following two options can be considered for uplink scheduling timing:
· Option 1: A UL sTTI can be scheduled in only one DL sTTI

· Option 2: A UL sTTI can be scheduled in multiple DL sTTIs
5 Impacts from sPDCCH design

In this section, we will discuss the impacts from sPDCCH design.

· CRS based sPDCCH vs. DMRS based sPDCCH 

In the RAN1#88bis meeting, it was agreed that RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH, which means sPDCCH DMRS cannot be placed in only one symbol. Therefore, it is possible that the processing time for DMRS based sPDCCH is longer than CRS based sPDCCH due to CDM-T based DMRS pattern for DMRS based sPDCCH demodulation, then UE cannot start to decode sPDCCH until receiving all the DMRS symbols. One possible way to achieve similar processing time for CRS based sPDCCH and DMRS based sPDCCH is to set less blind decodes for DMRS based sPDCCH if possible. Another possible way is to allow DMRS based sPDCCH with more processing time or smaller TA.
· 1-symbol sPDCCH vs. 2-symbol sPDCCH 
The processing time for 2-symbol sPDCCH is most likely longer than 1-symbol sPDCCH. For example, if time first sCCE to sREG mapping is applied for sPDCCH, then UE cannot start to decode sPDCCH until receiving all the sPDCCH symbols. As discussed above, one possible way to achieve similar processing time is to set less blind decodes for 2-symbol sPDCCH if possible. Another possible way is allowing 2-symbol sPDCCH with more processing time or smaller TA.
To simplify the standardization, additional processing time is not preferred. In addition, to achieve low latency, a unified processing timing longer than n+6 is not preferred also. 
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, where i+k is the minimum timing for SRS request to SRS transmission. As legacy system, the SRS subframe is RRC configured. For example, according to 2-symbol processing time discussed in section 4, the default value of k could be 4 for 0.067 maximum TA and 6 for 0.33 maximum TA. Considering that it is possible that preparing SRS sequence might be faster than preparing sPUSCH, a smaller minimum processing time between SRS request to SRS transmission can be achieved, e.g. the default value of k could be 2 for 0.067 maximum TA and 4 for 0.33 maximum TA.   
Proposal 6: Support fast SRS triggering in sTTI.
7 Conclusions
In this contribution, maximum TA, processing time reduction and related procedures for short TTI are discussed.

On maximum TA, the following proposals are made:
Proposal 1: The maximum TA value for reduced processing time operation of 1ms TTI is a value belonging to 166us~330us.

Proposal 2：For the same DL/UL 2/3-symbol sTTI length, a UE capable of operating sTTI is configured by higher layer to support 

· a processing time of n+4 assuming a maximum TA X for DL data to DL HARQ and for UL grant to sPUSCH, or a processing time of n+6 assuming a maximum TA X + ~280 us for DL data to DL HARQ and for UL grant to sPUSCH 

· 33us<= X <= 67us

Proposal 3: For 1-slot sTTI, the maximum TA is a value belonging to 166us~330us.

On DL HARQ timing, the following proposals are made:
Proposal 4: For 2-symbol DL sTTI and 1-slot UL sTTI, DL HARQ timing is defined as Table 2 (as below):
	Small Maximum TA value (X us)
	Large Maximum TA value (X+280 us)

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

	i =0,1,2
	j =0
	i =0
	in UL sTTI  j =0 in subframe n+1

	i =3,4,5
	j =1
	i =1,2,3
	in UL sTTI  j =1 in subframe n+1

	-
	-
	i =4,5
	in UL sTTI j =0 in subframe n+2


On UL scheduling timing, the following proposals are made:
Proposal 5: For different UL/DL sTTI length, the following two options can be considered for uplink scheduling timing:
· Option 1: A UL sTTI can be scheduled in only one DL sTTI

· Option 2: A UL sTTI can be scheduled in multiple DL sTTIs
Proposal 6: Support fast SRS triggering in sTTI.
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