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Discussion and decision
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 design of sPDCCH for 2-symbol sTTI based on the agreements made in the last RAN1 meeting. 
2 Discussions 
In RAN1#86bis, the following agreements are made for shortened TTI.

	DL sTTI pattern
· Aspects to consider when downselecting between the 2OS DL sTTI in [3].
· Orphan symbol sTTI

· Support of distributed resource block allocation together with sTTI operation

· Slot based sTTI operation together with 2 symbol sTTI operation

· CSI-IM

· Varying number of shortened TTI within a subframe

· PCFICH detection error

· HARQ timing

· Achievable minimum HARQ/scheduling timing with varying sTTI length

· UL sTTI structure

· Other aspects can also be considered



From the above agreements and possible 2 OFDM symbol DL sTTI candidates, this contribution is going to deal with the issues related to sPDCCH for 2-symbol TTI operations in where all sTTIs have 2 OFDM symbols regardless of slot boundary. 
Discussion on the definition of 2-symbol sTTI 

2-symbol sTTI would be defined differently according to whether the operation of 2-symbol sTTI depends on the number of OFDM symbols used for the legacy PDCCH or not. If the 2-symbol sTTI operation would be independent of legacy PDCCH, 2-symbol sTTI can be designed as shown in Figure 1-(a). On the other hand, as shown in Figure 1-(b), 2-symbol sTTI can be designed with dependent of the number of OFDM symbols for the legacy PDCCH. In Figure 1-(b), for example, the first 2-symbol sTTI would be initiated in the next OFDM symbol after legacy PDCCH. Thus, in this case, the total number of 2-symbol sTTI and the OFDM symbol position of the first 2-symbol sTTI are different according to the legacy PDCCH length. 

 In the environment where the number of the OFDM symbols used for legacy PDCCH is odd such as 1 or 3, only one OFDM symbol could be utilized within a certain 2-symbol sTTI. In case of 2-symbol sTTI which is independent of legacy PDCCH length, the one OFDM symbol can be used in the first or second 2-symbol sTTI after legacy PDCCH. For example, one OFDM symbol can be used in the second OFDM symbol of the first 2-symbol sTTI when legacy PDCCH length is 1. In similar way, one OFDM symbol could be used in the second OFDM symbol of the second 2-symbol sTTI when legacy PDCCH length is 3. On the other hand, one OFDM symbol can be used in various positions in case of 2-symbol sTTI which is dependent of legacy PDCCH length. For example, it is possible to let one OFDM symbol inserted into all OFDM symbol positions within a subframe. Accordingly, it is required to configure or predefine the position of one OFDM symbol in case of 2-symbol sTTI which is dependent of PDCCH.


Besides, in case of 2-symbol sTTI independent of PDCCH, the first 2-symbol sTTI should not be used for sTTI transmissions when the length of legacy PDCCH is 2 or 3. Especially, both the first and second 2-symbol sTTI should not be used for sTTI transmissions when the length of legacy PDCCH is 4. In the following, a valid sTTI is defined if all OFDM symbols of sTTI can be used without fully overlapping with legacy PDCCH. For example, if the OFDM symbol number of legacy PDCCH is 3, the number of valid sTTI is 6. 
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Figure 1: Possible structures of 2-symbol sTTI 
Observation 1: When PDCCH uses the odd number of OFDM symbols such as 1 or 3 in a subframe, a 1-symbol sTTI appears within the subframe.
Observation 2: When PDCCH uses the odd number of OFDM symbols such as 1 or 3, the 1-symbol sTTI could be mapped in various ways in case of 2-symbol sTTI dependent of PDDCH.
Proposal 1: 2-symbol sTTI operates in independent of the length of PDCCH.
Discussion on CRS-based / DMRS-based sPDCCH for 2-symbol sTTI 


For CRS-based sPDCCH, as shown in Figure 2-(a), it shows the first one OFDM symbol is used for sPDCCH. In terms of the amount of resources allocated for sPDCCH, it is necessary that the number of OFDM symbol could be configured by L1 or RRC signalling. If sPDCCH is allocated in the first one OFDM symbol of sTTI and the allocated bandwidth of sPDCCH is very small, it might be insufficient for eNB to utilize the resource of sPDCCH. Besides, different processing times of DMRS-based sPDCCH and CRS-based sPDCCH might increase the complexity of HARQ feedback timing in 2-symbol sTTI when CRS-based sPDCCH only uses the first one OFDM symbol. The detailed explanation about the issue is explained in [4].

When DMRS-based sPDCCH is applied, as shown in Figure 2-(b), sPDCCH should use entire 2-symbol sTTI with limited frequency bandwidth to reduce DMRS overhead. In similar with ePDCCH, DMRS-based sPDCCH would be FDMed with PDSCH. 
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Figure 2: Examples of CRS/DMRS based sPDCCH
Proposal 2: The number of OFDM symbols of CRS-based sPDCCH could be configured. 
Proposal 3: DMRS-based sPDCCH is mapped in the entire symbol of 2-symbol sTTI. 
Discussion on sPDCCH in case of odd PDCCH OFDM symbol length 


According to the explanation of sTTI operation in Figure 1, there is a sTTI having only one OFDM symbol when the length of PDCCH is 1 or 3. For example, when 2-symbol sTTI operates independent of the length of PDCCH, the first sTTI only uses one 1-symbol (i.e., the second symbol of the first sTTI) if the length of PDCCH is 1. When 2-symbol sTTI operates independent of the length of PDCCH, the second sTTI only uses one 1-symbol (i.e., the second symbol of the second sTTI) if the length of PDCCH is 3. From the point of view, the sTTI having one OFDM symbol should have the sPDCCH which is mapped within legacy PDCCH to maximize the utilization of sPDSCH/sPUSCH for the sTTI. In addition of odd PDCCH OFDM symbol length, when OFDM symbol used for PDCCH is even such as 2 or 4, sPDCCH also should be mapped within legacy PDCCH to maximize the utilization of sPDSCH/sPUSCH for the sTTI. In summary, the sPDCCH for the first valid sTTI is mapped in the legacy PDCCH region for all cases.
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Figure 3: Examples of 1-symbol operation within 2-symbol sTTI
Observation 3: When 2-symbol sTTI operates in independent of the length of PDCCH, the first sTTI only uses 1-symbol if PDCCH uses 1 OFDM symbol.  
Observation 4: When 2-symbol sTTI operates in independent of the length of PDCCH, the second sTTI only uses 1-symbol if PDCCH uses 3 OFDM symbols.
Proposal 4: The sPDCCH for the first valid sTTI is mapped in the legacy PDCCH region for all cases.
3 Conclusions
In this contribution, sPDCCH-related issues for 2-symbol sTTI are discussed. It can be summarized as below. 
Observation 1: When PDCCH uses the odd number of OFDM symbols such as 1 or 3 in a subframe, a 1-symbol sTTI appears within the subframe.
Observation 2: When PDCCH uses the odd number of OFDM symbols such as 1 or 3, the 1-symbol sTTI could be mapped in various ways in case of 2-symbol sTTI dependent of PDDCH.
Observation 3: When 2-symbol sTTI operates in independent of the length of PDCCH, the first sTTI only uses 1-symbol if PDCCH uses 1 OFDM symbol.
Observation 4: When 2-symbol sTTI operates in independent of the length of PDCCH, the second sTTI only uses 1-symbol if PDCCH uses 3 OFDM symbols.
Proposal 1: 2-symbol sTTI operates in independent of the length of PDCCH.
Proposal 2: The number of OFDM symbols of CRS-based sPDCCH could be configured.
Proposal 3: DMRS-based sPDCCH is mapped in the entire symbol of 2-symbol sTTI.
Proposal 4: The sPDCCH for the first valid sTTI is mapped in the legacy PDCCH region for all cases.
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