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1	Introduction
Note: This paper is a revised version of R1-1712787.
In RAN1 #86b, #88b and #89, the following agreements were reached, respectively:
Agreement:
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.
· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
· Note: For 2 symbol sTTI design TM8 is not supported in this WI.
Agreement:
· For 7-symbol sTTI, 8-layer transmission is not supported for DMRS based sPDSCH.

Agreement:
· Resource allocation type 1 for sPDSCH is not supported

In this contribution paper, we present the following remaining topics related to the design of sPDSCH in low latency LTE systems:
1) sPDSCH resource allocation
2) TBS scaling
3) Number of CWs and Layers.
4) Providing interference diversity for sPDSCH
2	Discussion
2.1    sRBG size for sPDSCH Scheduling 
As the TTI length reduces, the resource allocation granularity of sTTI operation should be increased. The minimum allocation of sPDSCH should be defined such that:
1. It allows for efficient multiplexing with 1ms TTI users. 
2. Resource allocation requires a small number of bits to reduce the control overhead.
3. It allows for defining the same sPRG size for all system bandwidth.

To meet the first requirement, the sTTI sRBG size should be a scaled version of the legacy RBG size. The legacy RBG size is 2, 3, 4 and 4 in 5, 10, 15 and 20MHz. To meet the 2nd and 3rd requirement, the sRBG size in each system bandwidth could be defined as 4 times the size of the legacy RBG. Hence, in 5, 10, 15 and 20MHz, the sRBG size, respectively, is 8, 12, 16 and 16. The sPRG size for all system bandwidths could be of size 4.
Proposal 1: The sRBG size in each system bandwidth is 4 times larger than the legacy RBG size.

2.2    TBS Scaling for sTTI Operation
For both 2-symbol and 1-slot sTTIs, the TBS can be determined by scaling the PRB size by a proper factor such that the existing transport block sizing tables can be reused. This factor should be defined separately for the 2-symbol and 1-slot sTTIs. Further, the scaling factor should be defined by accounting for overhead, e.g., the presence of CRS REs, number of symbols used for PDCCH, etc. However, from the UE’s perspective, for the case of 2-symbol sTTI, it is desirable to define a single scaling factor. This is important since both 2-symbol and 3-symbol sTTIs are defined in one subframe. In particular, the same equation and scaling factor should be used for both 2-symbol and 3-symbol sTTIs such that the soft buffer sizing and/or HARQ timing does not require an increase. 
Proposal 2: For computing the TBS of a 2-symbol sTTI in the DL, the number of PRBs used to index the TBS block size table is determined by a floored scaling operation by a factor of  on the allocation PRB size of the sTTI, i.e., NPRB = max( NPRB_2sym_sTTI / , 1), where  is the same across all sTTIs.
Proposal 3: For computing the TBS of a 1-slot sTTI in the DL, the number of PRBs used to index the TBS block size table is determined by a floored scaling operation by a factor of  on the allocation PRB size of the sTTI, i.e., NPRB = max( NPRB_1_slot_sTTI / , 1), where  could possibly be defined differently for slot0 and slot1.
2.3    Number of Supportable CWs and Layers 
In legacy LTE, depending on the configured transmission mode, up to 2 CWs and 8 layers can be supported. For each CW, MCS, NDI, and RV bit fields are considered in the DCI. 
In a low latency operation, due to the fact that resources are limited, it is essential to reduce the control signalling overhead in both DL and UL. One straightforward way to do this is to limit the number of supportable CWs to only 1. However, a more attractive solution, at least for the DL, is to allow for supporting 2 CWs, while some of the MCS/RV/NDI parameters are set the same. With this approach, not only the control overhead is reduced, but also a 4-layer transmission can efficiently be supported. Further, supporting 2CWs makes HARQ sharing across different TTI lengths easier, performance will be improved, and the same CSI reporting can be used for both CWs. In the UL, 1 CW can be considered. 
Proposal 4: In the DL, support 2CWs, while some of the MCS/NDI/RV parameters are set the same for both 2-symbol and 1-slot sTTIs.
Proposal 5: The maximum number of layers for both 2-symbol and 1-slot sTTIs in the DL is 4. 
Proposal 6: Support only 1CW in the UL for both 2-symbol and 1-slot sTTIs.
Proposal 7: The maximum number of layers for both 2-symbol and 1-slot sTTIs in the UL is 2. 
2.4    Providing Interference Diversity for sPDSCH
In the legacy LTE, each DL codeword  is scrambled by a scrambling sequence  according to:

where, the scrambling sequence generator shall be initialized at the start of each subframe according to:

Using the same scrambling sequence generator for an sTTI operation is not desirable. This is because if the scrambling sequence is set at the subframe boundary, the same sequence will be used for multiple DL sTTIs. Hence, in order to gain from interference diversity, the scrambling sequence initialization should be dependent on the sTTI index, or even each OFDM symbol index. Further, the scrambling sequence can be dependent on whether it is used for the initial transmission or retransmissions. Hence, we have that:
Proposal 8: For the DL sTTI operation, each codeword is scrambled by a sequence that is initialized differently based on the sTTI index.
3	Conclusions 
Proposal 1: The sRBG size in each system bandwidth is 4 times larger than the legacy RBG size.
Proposal 2: For computing the TBS of a 2-symbol sTTI in the DL, the number of PRBs used to index the TBS block size table is determined by a floored scaling operation by a factor of  on the allocation PRB size of the sTTI, i.e., NPRB = max( NPRB_2sym_sTTI / , 1), where  is the same across all sTTIs.
Proposal 3: For computing the TBS of a 1-slot sTTI in the DL, the number of PRBs used to index the TBS block size table is determined by a floored scaling operation by a factor of  on the allocation PRB size of the sTTI, i.e., NPRB = max( NPRB_1_slot_sTTI / , 1), where  could possibly be defined differently for slot0 and slot1.
Proposal 4: In the DL, support 2CWs, while some of the MCS/NDI/RV parameters are set the same for both 2-symbol and 1-slot sTTIs.
Proposal 5: The maximum number of layers for both 2-symbol and 1-slot sTTIs in the DL is 4. 
Proposal 6: Support only 1CW in the UL for both 2-symbol and 1-slot sTTIs.
Proposal 7: The maximum number of layers for both 2-symbol and 1-slot sTTIs in the UL is 2. 
Proposal 8: For the DL sTTI operation, each codeword is scrambled by a sequence that is initialized differently based on the sTTI index.
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