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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 DMRS design. 
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 [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%. Therefore, it is proposed to support only two-layer spatial multiplexing for sPUSCH. 
Proposal 1 Support only two-layer spatial multiplexing for sPUSCH.
2.2 DMRS multiplexing in case of different allocated bandwdiths

For uplink sTTI transmissions, DMRS multiplexing/sharing can be used to reduce the DMRS overhead. With the same frequency allocation, the DMRS of different UEs can be multiplexed on the same SC-FDMA symbol by using different cyclic shifts. In order to keep the scheduling flexibility, different UEs can be allocated with different frequency resources, where part of their frequency allocation is overlapped, as shown in Figure 1. DMRS multiplexing should also be supported in this overlapped frequency allocation case to reduce the DMRS overhead, and at the same time, keep the scheduling flexibility.
2.2.1 IFDM-based DMRS multiplexing in FD-MIMO
Typically, UEs are expected to share bandwidth in an overlapping fashion. When this is the case, it is possible to separate reference signals via cyclic shifts of a ZC sequence.  However, when the UEs do not share exactly the same bandwidth, DRMS separation via cyclic shift becomes impossible as the shifted sequences are not orthogonal anymore. 

A UL-DMRS comb structure answers the problem of sharing DMRS with partially overlapping user bandwidth.  Combs in the frequency domain maintain orthogonality and ZC sequence can still be used for each comb to separate DMRS using the same comb, as done with the sounding reference signal. 

During the FD-MIMO enhancements (eFD-MiMO) work item [2], a comb with repetition factor 2 (RPF2) was introduced. The motivation for limiting the comb size to 2 is that with larger comb size, channel estimation becomes challenging [4]. Given that combing effectively divide the usage of resource by the RPF, clearly for a given UE more power is available per subcarrier. This power should be used to boost the transmitted DMRS subcarriers to make up for the loss of channel estimation accuracy due to the downsizing of DMRS by a factor of 1/RPF. The boost shall then be of exactly 10〖log〗_10 (RPF) dB, e.g. 3dB for RPF=2. 

To introduce IFDMA-based DMRS transmission, the use of the comb has to be signaled. For this, EFDMIMO is discussing whether to reuse the cyclic shift table [3] with RPF2 DCI signaling or shared cyclic shifts fields between IFDMA UEs and non-IFDMA UEs [4].

2.2.2 IFDMA-based DMRS multiplexing for sPUSCH transmission
The IFDMA-based DMRS multiplexing schemes discussed above for FD-MIMO can also be used for sPUSCH transmissions, in case multiple UEs are scheduled with partially overlapped frequency allocations. Based on the discussion in Section 2.2.1, in order to keep good channel estimation for sPUSCH transmission, it is recommended that the comb size is limited to 2 for DMRS multiplexing in uplink sTTI operations. The power boosting should also be used to compensate for the loss of channel estimation accuracy. 

Proposal 2 Support IFDMA-based DMRS multiplexing for sPUSCH transmissions with partially overlapped frequency allocations.
The signaling of comb-based DMRS multiplexing for sPUSCH transmissions needs to be considered. One option can be introducing a new field with a single bit in UL DCI to indicate whether it is a comb-based DMRS multiplexing or a cyclic shift based DMRS multiplexing. The other way is to keep the existing legacy 3-bit cyclic shift field in DCI, and adapt the cyclic shift mapping table for sPUSCH transmissions. 
Observation 1 Signaling of IFDMA-based DMRS multiplexing needs to be considered for sPUSCH transmissions.
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Figure 1: Example of IFDMA-based DMRS multiplexing for UE 1 with 2-symbol sPUSCH and UE 2 with 3-symbol sPUSCH
2.3 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 TS36.212 is given by [image: image2.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 3 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


3 Conclusion

Based on the discussion in section 2 we have the following observation

Observation 2 Signaling of IFDMA-based DMRS multiplexing needs to be considered for sPUSCH transmissions.

And the following proposals:
Proposal 1
Support only two-layer spatial multiplexing for sPUSCH.
Proposal 2
Support IFDMA-based DMRS multiplexing for sPUSCH transmissions with partially overlapped frequency allocations.
Proposal 3
Extend uplink resource allocation type 0 to cover allocation of consecutive groups of PRB
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