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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved as follows [1]. 

	· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

· The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76


In this contribution, we discuss several aspects on sPUSCH design. 
2. TM and layers
It was agreed that for UL transmission for sTTI TM1 and TM2 are supported. In LTE, UL MIMO transmission has been supported up to 4 layers since release 10 via TM2, which enables UL spectral efficiency and/or higher reliability. For orthogonality between different layers and between different UEs, different cyclic shift and OCC (orthogonal cover code) can be assigned to each of DM-RS. Considering that the number of DM-RS symbol is reduced due to shortening TTI, the multiplexing capability for PUSCH DM-RS decreases as well. Moreover, due to dynamic DM-RS insertion, DM-RS sharing among different sTTIs for a UE also needs to be taken into account. In this sense, the number of layers for UL transmission needs to be restricted for sTTI. 
Proposal 1: The number of maximum layers for sPUSCH needs to be restricted for sTTI operation. 
3. TBS
The transport block size (TBS) is determined based on scheduled MCS index and allocated PRB size. With TTI shortening, TBS determination needs to be redefined due to decrease of REs per TTI. To derive TBS for shortened TTI, one potential solution is to scale down the reference PRB size with TTI length, which is a similar manner to TBS determination in special subframe. For simplicity, the reference PRB size for sPUSCH can be set as 
[image: image1.wmf](

)

ú

û

ú

ê

ë

ê

12

TTI

 

 short

 within

 symbols

data

 

of

 

#

PRBs

 

allocated

 

of

*

#

 and correspondingly TBS for each TTI length is derived for given MCS index. However, according to the agreement on UL sTTI layout, two of six sTTIs have three symbols, which will complicate the HARQ timeline since processing time of sTTI having more data symbols will become longer. To simplify HARQ timeline and reduce specification efforts, it is preferred for sTTI having 3 symbols to restrict the maximum TBS no more than the maximum TBS for sTTI having 2 symbols. Alternatively, scheduler can control the scheduled TBS considering UE processing time for different number of symbols per sTTI. 
Proposal 2: The reference PRB size for sPUSCH is determined based on the number of allocated PRBs and the number of data symbols within short TTI. Per each sTTI length configuration, one maximum TBS is supported.
4. Power control
From our evaluation results during SI [2], it is observed that the required SNR for 10% BLER is quite similar between 1ms TTI and sTTI PUSCH. In this sense, the same power control can be applied to sTTI operation as legacy. Then one consideration point is how TPC is operated with sTTI. In case accumulation is not enabled, the UE transmit power is determined by TPC in UL grant with PUSCH scheduling from network. Thus for a UE configured with sTTI operation, sPUSCH power can be controlled by TPC in UL grant. On the other hand, in case accumulation is enabled, then sPUSCH power is determined based on all TPC commands in (s)DCIs across different (s)TTI, which seems not straightforward. 
Simply, it can be considered that power control is separated between 1ms TTI and sTTI for which the closed loop components of power control are updated by different TPC commands of 1ms TTI and sTTI. In this case, TPC commands in DCI and sDCI are applied to power control of PUSCH/PUCCH and sPUSCH/sPUCCH, respectively, and the timing of TPC to be adopted (i.e., KPUSCH) will be the same as current one. However, considering that the target SNR will be similar between 1ms TTI and sTTI, such separated TPC commands may be duplicated and inefficient in terms of signalling overhead. 
Another option is to share TPC command between 1ms TTI and sTTI. In this case, the transmit power of sPUSCH/sPUCCH can be determined by TPC in DCI as well as sDCI. Then, in determining accumulated power, the reference timing may follow 1msec TTI or sTTI. If reference timing follows 1ms TTI, the power accumulation can occur at n+k subframe (e.g., k = 4) regardless of whether the TPC command has been received via DCI or sDCI. When sDCI indicates TPC commands, the subframe index of sTTI where sDCI has been transmitted is used for TPC computation. When reference timing follows sTTI, TPC accumulation can occur at m+l sTTI (e.g., l = 6 or 8), and m is the sTTI index. For the timing of TPC of DCI to be adopted, if TPC command is carried by DCI via PDCCH in subframe #n it can be assumed that the TPC command is signalled on sPDCCH at the first sTTI in subframe #n. Likewise, if TPC command is carried by DCI via EPDCCH in subframe #n it can be assumed that the TPC command is signalled on sPDCCH at the last sTTI in subframe #n. The transmit power of PUSCH/PUCCH can be also determined by TPC in sDCI as well as DCI. In this case, further investigation is needed on whether it is feasible to adopt TPC of sDCI/DCI shorter than the existing timing (e.g., 4 ms for FDD) to PUSCH/PUCCH. 
Considering that sTTI has more impact due to power transient period than 1ms TTI, more frequent power control may induce signal distortion. Thus, for a UE configured sTTI operation, it can be considered that the transmit power of sPUSCH/sPUCCH is consistent during a subframe.
Overall, to maintain the same power within a subframe, and to minimize impact on UE complexity and specification, it is generally preferred to follow the unit of legacy 1ms subframe as a reference timing for TPC commands. 
Proposal 3: Further study is needed on power control of 1ms TTI and sTTI including TPC command for a UE configured with sTTI operation.

5. Conclusions

In this contribution, we discussed several aspects regarding sPUSCH design. Based on the above discussions, our proposals are given as follows:

Proposal 1: The number of maximum layers for sPUSCH needs to be restricted for sTTI operation. 

Proposal 2: The reference PRB size for sPUSCH is determined based on the number of allocated PRBs and the number of data symbols within short TTI. Per each sTTI length configuration, one maximum TBS is supported.
Proposal 3: Further study is needed on power control of 1ms TTI and sTTI including TPC command for a UE configured with sTTI operation.
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