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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 discusses sPDSCH issues for 2-symbol and slot sTTI.

2 Discussions 
Multiplexing of sPDCCH and sPDSCH
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Figure 1: Multiplexing of sPDCCH and sPDSCH for 2-symbol sTTI

For 2-symbol sTTI, if CRS-based sPDCCH and sPDSCH are mapped in different OFDM symbols, the control overhead would be too high. So, it is needed to use 2 symbols for sPDSCH. Let’s assume that sPDCCH in each sTTI indicates the frequency resource blocks, which are used for sPDSCH transmission. Then, if a RE in the scheduled PRBs by sPDCCH to use sPDSCH transmission is already mapped with sPDCCH, the RE cannot be used for sPDSCH. This mapping method is shown in Figure 1-(a). For this method, the UE needs to be able to assume that there is no sPDCCH for other UEs in the scheduled PRBs. For DMRS-based sPDCCH, it can be assumed to have FDM between DMRS-based sPDCCH and sPDSCH as shown in Figure 1-(b).
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Figure 2: Multiplexing of sPDCCH and sPDSCH for slot sTTI
 
In Figure 2-(a), multiplexing between CRS-based sPDCCH and sPDSCH is illustrated, where they are TDMed similarly to the case between legacy PDCCH and PDSCH. In Figure 2-(b), multiplexing between DMRS-based sPDCCH and sPDSCH is illustrated, where they are FDMed similarly to the case between legacy EPDCCH and PDSCH.
Proposal 1: For CRS-based sPDCCH of 2-symbol sTTI, a scheduled UE assumes that there is no sPDCCH for other UEs in the scheduled PRBs for sPDSCH.
Proposal 2: For CRS-based sPDCCH of slot sTTI, sPDCCH and sPDSCH are TDMed. 
Proposal 3: For DMRS-based sPDCCH, sPDCCH and sPDSCH are FDMed. 

TBS determination for sPDSCH

The existing mapping of PDSCH to resource elements can be reused for sPDSCH. Since a UE supporting short-TTI transmission is likely to also support subframe-TTI transmission, the UE can avoid to map sPDSCH to resource elements used for ZP and NZP CSI-RS. Regarding the channel coding, the use of Turbo code is recommended to keep consistency of channel coding for data channels in LTE. Also, if the TBS is reduced by using a short TTI, the processing time for Turbo decoding can decrease proportionally to the TBS. 


One issue for sPDSCH is how to determine the TBS. For FS2, transmission by using DwPTS in special subframe seems similar to short-TTI transmission. According to special subframe configuration, the effective number of allocated PRBs is calculated to seek TBS by using legacy TBS table. With normal CP, the effective number of allocated PRBs can be calculated as 
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 for special subframe configuration 9 and for other special subframe configurations, respectively, where 
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 is the total number of allocated PRBs. Similar to the case of DwPTS, the TBS determination for short TTI can be done by using  
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 is defined by the TTI length. For example, 
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 can be decided as 
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 for slot TTI and 2-symbol TTI, respectively. Also, this value of 
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 can be varied according to the existence of CRS and DMRS in the sTTI.
Proposal 4: TBS for sPDSCH can be calculated by using the effective allocated PRB number 
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 is defined by the TTI length.
PRB bundling


For a subframe-TTI UE configured with DMRS-based TMs, the precoding granularity can be multiple PRBs named PRG so that the UE may assume that the same precoder is used to those multiple PRBs. The number of PRBs in a PRG is determined by DL system bandwidth. The PRB bundling is adopted because it can be helpful to channel estimation. Since channel coherence bandwidth also affects the channel estimation when PRB bundling is applied, it cannot be said that the PRB bundling with a large number of PRBs in a PRG is good for channel estimation.


Moreover, it is needed to think whether the TTI length may affect the optimal number of PRBs in a PRG. The possible performance degradation on channel estimation of short TTI is due to the reduction of observation time duration. Since PRB bundling affects only frequency-domain aspect of channel estimation, it is unclear how the reduction of TTI length and the optimal number of PRBs in a PRG for PRB bundling are related to each other. Therefore, the PRG size for subframe TTI can be reused for short TTI. Also, this will help the coexistence between sPDSCH and PDSCH by using MIMO support. 
Proposal 5: The PRG size for subframe TTI can be reused for short TTI.
3 Conclusions
In this contribution, sPDSCH-related issues are discussed. It can be summarized as below. 

Proposal 1: For CRS-based sPDCCH of 2-symbol sTTI, a scheduled UE assumes that there is no sPDCCH for other UEs in the scheduled PRBs for sPDSCH.
Proposal 2: For CRS-based sPDCCH of slot sTTI, sPDCCH and sPDSCH are TDMed.
Proposal 3: For DMRS-based sPDCCH, sPDCCH and sPDSCH are FDMed.
Proposal 4: TBS for sPDSCH can be calculated by using the effective allocated PRB number [image: image14.wmf]ë
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 is defined by the TTI length.
Proposal 5: The PRG size for subframe TTI can be reused for short TTI.
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