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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. The objectives of shortened TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

The work item should also specify base station and UE core requirements to support the above features [RAN4]

Note: The specified solutions shall preserve backwards compatibility, thus allowing operation of pre-Rel-14 UEs on the same carrier.
Note: There is no change to the system information, paging and random access procedure by this work item



Regarding the shortened TTI, the updated WID was approved in RAN#73 [2], where 2-symbol TTI for DL and UL was decided to be firstly standardized before RAN#76. This contribution provides the overview of sTTI operations based on the agreements made in the last RAN1 meeting.
2 Discussions 

In RAN1#86bis, the following agreements are made regarding the sTTI length.

	sTTI length combination for DL/UL
· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 
DL sTTI length configuration
· The DL sTTI length of a UE is configured by RRC signaling.

· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells or not.


sTTI length for DL and UL


In RAN1#86bis, the following four alternatives for combination of DL and UL were made and one of them will be chosen by RAN1.  

· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}

· Alt 3. {2,2}, {2,7}, {7,7}

· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}


For FS2, there is a single sTTI supported, i.e., slot sTTI for DL and UL. In this case, it may be natural to pair the same TTI length for DL and UL. The sDCI for sPDSCH scheduling and sPUSCH grant is delivered in sPDCCH. HARQ-ACK feedbacks corresponding to sPDSCH and sPUSCH are transmitted by using sPUCCH and sPDCCH, respectively. 


For FS1, the supporting TTI lengths for latency reduction are 2-symbol/slot for DL, and 2-symbol/4-symbol/slot for UL. Similar to FS2, it may be natural to pair the DL and UL TTI length for slot sTTI. This enables to have commonality as much as possible between FS1 and FS2. Furthermore, either 2-symbol or 4-symbol sTTI for UL can be used together with DL 2-symbol sTTI as shown in Figure 1. A mixed use of TTI length for DL and UL, e.g., 2-symbol sTTI in DL and slot sTTI in UL, is not necessary to introduce, but able to complicate the procedure. If RAN1 does not support a pair of 2-symbol sTTI in DL and slot sTTI in UL, designing the physical channels for slot sTTI for UL becomes much simpler because HARQ-ACK multiplexing and bundling issues may not happen.

Regarding the combination of sTTI for DL and 1ms TTI for UL, i.e., {2, 14} and {7, 14}, there are two cases: 1) DL scheduling and data transmission on sPDCCH/sPDSCH, corresponding HARQ-ACK on PUCCH, 2) UL scheduling grant on sPDCCH, UL data transmission on PUSCH. In that case, UCI multiplexing on PUCCH and timing for PUSCH should be re-designed. Therefore, the issues related to {2, 14} and {7, 14} needs to be carefully considered. Especially, CA scenario has to be discussed before deciding whether {2, 14} and {7, 14} are supported or not. 
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Figure 1: Pair of sTTI for DL and UL

Proposal 1: Support Alt 1 for combination of DL and UL sTTI lengths. 

DL sTTI length configuration 

It was agreed that the DL sTTI length of a UE is configured by RRC signaling. Since the case of CA scenario is still open, it needs to be discussed how to configure DL sTTI length for different serving cells. The following example cases can be considered. 

· Case 1: some CC with 1ms TTI only, some CC with 2OS TTI 

· Case 2: some CC with 1ms TTI only, some CC with 7OS TTI

· Case 3: some CC with 1ms TTI only, some CC with 2OS TTI, some CC with 7OS TTI

· Case 4: some CC with 2OS TTI, some CC with 7OS TTI
· Case 5: all CC with 2OS TTI

· Case 6: all CC with 7OS TTI

Among the above cases, even now Case 5 and Case 6 are supported. Due to the restriction on maximum TA for sTTI operation, there might be some serving cells that cannot support sTTI operation. Since dynamic switching between sTTI scheduling and 1ms TTI scheduling is allowed, Case 1 and Case 5 can be considered as the same one by eNB scheduling. Also, Case 2 and Case 6 can be the same. However, if sTTI operations are applied for a given CC, the UE needs to monitor corresponding sPDCCH. Also, the UE may have different TA values for different CCs. Therefore, DL sTTI length configuration per CC can be used. By using this configuration per CC, Case 1 and Case 2 can be supported. 
The remaining issue is whether two different DL sTTI length for different CCs are allowed or not. If different sTTI lengths are allowed, the timing relation for DL HARQ-ACK feedback and UL data transmission seems to become too complicated. With allowing different sTTI length, prioritization and UCI multiplexing could bring too much specification impact. In this matter, it is recommended to use a single sTTI for a given UE, which supports Case 1, Case 2, Case 5, and Case 6 in the above exemplary cases. 

Proposal 2: It is recommended to use a single DL sTTI for a given UE.
Main issues for sPDCCH 


The main issues for resource mapping of sPDCCH and sPDSCH are as below.
· Issue 1: How to map CRS-based sPDCCH in time and frequency
RAN1 already had the agreement that sPDCCH is transmitted from the first OFDM symbol within an sTTI. Only one symbol could be not enough to send an sPDCCH with small frequency resource. So, it would be better that the eNB can configure the number of symbols used for sPDCCH in each sTTI.
Proposal 3: An eNB configures the number of symbols used for CRS-based sPDCCH in each sTTI
· Issue 2: How to map DMRS-based sPDCCH in time and frequency
If large frequency bandwidth is used for DMRS-based sPDCCH, the more REs would be needed for DMRS. Therefore, to reduce the DMRS overhead, it would be better that DMRS-based sPDCCH uses all OFDM symbols in an sTTI with small frequency bandwidth. In other words, DMRS-based sPDCCH is FDMed with sPDSCH similar to EPDCCH. Also, which frequency band is used for DMRS-based sPDCCH can be informed by eNB similar to CRS-based sPDCCH. 
Proposal 4: An DMRS-based sPDCCH is mapped in all OFDM symbols and a part of frequency bandwidth of an sTTI.
Proposal 5: Frequency resource for DMRS-based sPDCCH is informed by eNB.
· Issue 3: How to design the minimum processing time for sTTI

The other issue is the minimum processing time. One possible option is that different minimum processing times are used for CRS-based and DMRS-based sPDCCH scheduling. For example, when CRS-based sPDCCH schedules sPDSCH in sTTI n, then the UE sends HARQ-ACK in sTTI n+k1 (e.g. k1=6), while the UE sends HARQ-ACK in sTTI n+k2 (e.g. k2=8) for DMRS-based sPDCCH. But, if CRS-based sPDCCH is allowed to be mapped in all OFDM symbols in each sTTI, there is no reason to use different minimum timings for CRS-based and DMRS-based sPDCCH scheduling. Also, different minimum timing would make timing relation and scheduling more complicated.  
Proposal 6: Both CRS-based and DMRS-based sPDCCH scheduling consider the same minimum processing time.
· Issue 4: How to indicate sPDCCH band
RAN1 already had the agreement that frequency resource for CRS-based sPDCCH can be informed by eNB. Let the frequency resource that can be used for sPDCCH(s) be called the sPDCCH band. With this definition, each sPDCCH is mapped within the sPDCCH band. Also, the sPDCCH band may be larger than or equal to the frequency resources mapping one sPDCCH. The remaining issue is whether sPDCCH band is indicated by cell-specific, group-specific, or UE-specific manner.  
Proposal 7: RAN1 decides how to indicate sPDCCH band among cell-specific, group-specific, and UE-specific manners. 
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How to indicate frequency band for sPDSCH 

One issue is how to use frequency resources for sTTI operation including resource mapping of sPDSCH. The following three alternatives can be considered. It is basically assumed that an eNB either semi-statically or dynamically configures the frequency resource that can be used for sPDCCH(s) called sPDCCH band.
· Alt 1. The eNB does not configure the frequency resource that can be used for sPDSCH(s), but an sDCI from sPDCCH indicates frequency resources for an sPDSCH.
· Alt 2. The frequency resource that can be used for sPDSCH(s) is assumed to be the same as the sPDCCH band. An sDCI indicates frequency resource for an sPDSCH within the sPDCCH band.
· Alt 3. The eNB also configures the frequency resource that can be used for sPDSCH(s) called the sPDSCH band. The frequency resource that can be used for sPDSCH(s) can be different from the sPDCCH band. An sPDCCH indicates frequency resource for an sPDSCH within the frequency resource that can be used for sPDSCH(s).

Then, the above three alternatives are summarized as below.

Table 1: Summary of alternatives for frequency band definition. sTTI band denotes the frequency resources that can be used for sPDCCH(s).

	
	Candidate frequency resources for sPDSCH
	sPDSCH scheduling

	Alt 1
	No configuration
	Within system bandwidth

	Alt 2
	Same as the sPDCCH band
	Within the sPDCCH band

	Alt 3
	Different from the sPDCCH band
	Within the sPDSCH band



Among three alternatives in the above, Alt 1 is preferred because of scheduling flexibility. One advantage of Alt 2 and Alt 3 is to reduce the number of sPDSCH resource allocation bits. But, its reduction is not that much, if large granularity of PRBs is used.
Proposal 8: Frequency resource for sPDSCH is informed by sDCI without pre-configuration of the frequency resource before the scheduled subframe.
3 Conclusions
In this contribution, the overall sTTI operations are discussed. It can be summarized as below. 
Proposal 1: Support Alt 1 for combination of DL and UL sTTI lengths.
Proposal 2: It is recommended to use a single DL sTTI for a given UE.
Proposal 3: An eNB configures the number of symbols used for CRS-based sPDCCH in each sTTI
Proposal 4: An DMRS-based sPDCCH is mapped in all OFDM symbols and a part of frequency bandwidth of an sTTI.
Proposal 5: Frequency resource for DMRS-based sPDCCH is informed by eNB.
Proposal 6: Both CRS-based and DMRS-based sPDCCH scheduling consider the same minimum processing time.
Proposal 7: RAN1 decides how to indicate sPDCCH band among cell-specific, group-specific, and UE-specific manners.
Proposal 8: Frequency resource for sPDSCH is informed by sDCI without pre-configuration of the frequency resource before the scheduled subframe.
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