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1 Introduction

Based on the outcome of the study item on latency reduction [1], the followings are recommended to be supported for the design of DMRS for sPUSCH: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed.

In RAN1#86bis the following was agreed among other agreements.

· For UL transmission for sTTI

· TM1 and TM2 are supported

In this contribution, we provide our views on the physical layer design for TTI shortening for uplink transmissions on PUSCH mainly related to transmission modes and resource allocation. 
2 Discussion

2.1 Supported number of layers with TM2
Since release 10, TM2 (i.e., precoding-based uplink MIMO transmission) has been supported for uplink data transmissions on PUSCH. Precoding-based MIMO transmission can be used to either improve the reliability by using beamforming, or improve the spectral efficiency by using spatial multiplexing. For spatial multiplexing, TM2 supports up to four layers for PUSCH.  

The performance of spatial multiplexing relies on the orthogonality between different DMRS sequences used to separate the data transmission on different layers. For MIMO transmission on PUSCH, the orthogonality between different DMRS is achieved by assigning different cyclic shift and/or OCC in the UL DCI. For sPUSCH, in order to reduce the RS overhead, in most cases, there is at most one DMRS symbol per sTTI, which implies that OCC cannot be used for ensuring orthogonality between DMRS on sPUSCH. Note that the interference between different cyclic shifted DMRS sequences increases as the number of multiplexed DMRS (equivalently, the number of layers) increases. In our previous link level simulation results in [5] (also included in 3GPP TR 36.881 [1]), it has been shown that for 2-symbol sPUSCH with high MCS, up to 2 DMRS can be multiplexed in order to achieve a target BLER of 10%, if the DMRS sequences are separated by using different cyclic shifts. Therefore, maximum two layers can be supported for an sPUSCH transmission, if different layers are separated only by using different cyclic shifts. If both different combs and different cyclic shifts are used to separate different layers of an sPUSCH transmission, then, in theory, more than 2 layers can be supported. However, separating different layers by using different combs and different cyclic shifts is not supported in the legacy DMRS configuration. Hence, a new DMRS signalling method needs to be considered if this configuration is going to be supported. 
Proposal 1 Support two-layer spatial multiplexing for sPUSCH, unless a higher layer configuration can be motivated by simulation results.
2.2 Resource allocation
In several sTTI scheduling options discussed so far the resource allocation for sPUSCH is included in the sTTI DCI that can be sent in each sTTI. To limit the control overhead increase due to sTTI, there is a will to reduce the number of bits required for sPUSCH resource allocation in the DCI.  For simplicity, it can be assumed that the resource allocation type for sPUSCH are based on the existing resource allocation type for 1 ms TTI. The basic resource UL resource allocation in LTE is uplink resource allocation type 0, specifying a contiguous frequency interval. Adopting the same scheme also here would require a number of bits which from 3GPP TS 36.212 is given by [image: image1.wmf]é
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In Table 1, the number of bits required for sPUSCH resource allocation are given for different system bandwidths. In order to reduce the number of bits, the uplink resource allocation type 0 could also be modified to include a contiguous range of groups, not specifying individual resource blocks. For instance, the same groups of PRB as defined for downlink allocation type 0 could be used but with a larger granularity (i.e. an increased RB group size). An example is given in Table 1. For a 10MHz UL bandwidth an eNB could allocate one or up to 7 contiguous groups of 6 PRBs. Thereby 2 to 3 bits are saved compared to the bitmap in allocation type 0 as shown in Table 1.
Proposal 2 Extend uplink resource allocation type 0 to cover allocation of consecutive groups of PRB

Table 1. Number of bits for different allocation types.

	Bandwidth (RB)
	UL RB group size (RB)
	Number of groups
	Required number of bits for UL allocation type 0
	Required number of bits for UL allocation type 0 with groups

	25
	4
	7
	9
	5

	50
	6
	9
	11
	6

	100
	12
	9
	13
	6


2.3 Transport Block Size

The transport block size (TBS) for short TTI is discussed in detail in [6]. The main proposals regarding TBS for short TTI can be summarized as follows.

Proposal 3 The TBS for short TTI operation is calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of data OFDM symbols.
Proposal 4 The scaled TBS value for short TTI operation is adjusted for CRC to achieve the intended code rate.

Proposal 5 The scaled TBS value for short TTI operation is rounded off to the closest valid TBS table value.
3 Conclusion

Based on the discussion in section 0 we have the following proposals:
Proposal 1
Support two-layer spatial multiplexing for sPUSCH, unless a higher layer configuration can be motivated by simulation results.
Proposal 2
Extend uplink resource allocation type 0 to cover allocation of consecutive groups of PRB
Proposal 6 
The TBS for short TTI operation is calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of data OFDM symbols.
Proposal 7 The scaled TBS value for short TTI operation is adjusted for CRC to achieve the intended code rate.

Proposal 8 The scaled TBS value for short TTI operation is rounded off to the closest valid TBS table value.
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