Page 1

3GPP TSG-RAN WG1 #88
R1-1702169
Athens, Greece 13th - 17th February 2017
Source: 
Intel Corporation 
Title:                     
Uplink Reference Signal structure for sPUSCH transmissions
Agenda item:
7.2.5.2.5.2
Document for:
Discussion and Decision
1 Introduction
In the RAN1 #85 meeting, the following was recommended for DMRS of sPUSCH transmission [1]: 
· 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.

At RAN1 #86, it was further agreed that UL DMRS position for 2-symbol sPUSCH is dynamically indicated by eNB [2].
In this contribution, we discuss our views on the potential UL DMRS structure of 2-symbol sTTI to minimize the RS overhead. 
2. Discussion
2.1 DMRS structures 
In LTE, PUSCH is based on single carrier transmission using DFT-S-OFDM. Two SC-FDMA symbols are dedicated to DMRS and the remaining 12 SC-FDMA symbols can be allocated for data transmission. Under the assumption that the single carrier property is maintained for S-PUSCH, a dedicated SC-FDMA symbol in S-TTI is required for DMRS. The DMRS overhead is 50% for 2-symbol UL S-TTI, which motivates schemes to address the DMRS overhead issue.
A simple way to reduce the DMRS overhead is to allow multiplexing DMRS symbols of multiple S-PUSCHs within one symbol. CDM between DMRS symbols using different cyclic shifts of a CAZAC code can effectively achieve this design target for UEs with equal sPUSCH resource allocation. To provide more flexibility, IFDMA-based DMRS structure can be additionally considered to allow the possibility of one-symbol DMRS multiplexing for sPUSCHs with different PRBs. In particular, additional 3 dB power boosting should be used for IFDMA DMRS with RPF=2 for sPUSCH transmission, as concluded under the FD-MIMO WI . 
Proposal 1: Study the CDM-based and IFDMA-based DMRS structure for 2-symbol sPUSCH to reduce the DMRS overhead. 
Proposal 2: Additional 3 dB power boosting is used for IFDMA DMRS with RPF=2 if IFDMA-based DMRS is introduced. 
2.2 Inter-Cell Interference Measurement 
It should be also noted the UL DM-RS is used by the eNB not only for the channel estimation, but also for inter-cell interference measurements. In particular, for the MMSE-IRC receiver the channel estimated from the DM-RS symbols is used to reconstruct the received DM-RS signal for the subsequent estimation of inter-cell interference using the corresponding interference covariance matrix from multiple antennas. For interference suppression by the MMSE-IRC receiver, it is also assumed that the interference covariance matrix estimated on the UL DM-RS symbol(s) would be the same on the other symbols of the uplink subframe where data is transmitted. This assumption is typically valid for conventional PUSCH transmission, but interference estimation mismatch may occur for TDM sPUSCH transmissions using IFDMA-based or CDM-based DMRS symbols. 
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	Figure 1: IFDMA-based DMRS structure for 2-symbols sPUSCH


Figure 1 gives a example of DMRS multiplexing for sPUSCH transmissions from three UEs. The sPUSCH transmissions from different UEs are multiplexed in TDM manner, while the DM-RS transmissions of the three UEs are performed on the same SC-FDMA symbol, either by using IFDMA or CS. 

It can be seen that the interference estimated by the victim eNB on one of the SC-FDMA symbols (e.g., 2nd symbol if the victim eNB scheduled sPUSCH transmission in the same manner) is likely to be mismatched with the interference on the other SC-FDMA symbol. In this case, MMSE-IRC processing is not accurate and consqeuntly performance degradation is caused due to interference mismatch. The sTTI UL DM-RS design should also take into account the inter-cell interference mismatch issue for MMSE-IRC receivers. In particular, TDM sTTI PUSCH transmissions without IFDMA or CS based DMRS sharing should be supported as one of the configurations, and it is up to the eNB scheduler to decide whether DMRS sharing is used or not. 
Propoal 3: RAN1 should study the inter-cell interference measurement mismatch problem for MMSE-IRC receivers. 
3. Conclusions
In this contribution, we have discussed our views on the uplink DMRS structure to support orthogonal DMRS for sPUSCH transmissions with partially overlapping bandwidth allocations. Based on the discussion, we have the following proposals:
Proposal 1: Study the CDM-based and IFDMA-based DMRS structure for 2-symbol sPUSCH to reduce the DMRS overhead. 

Proposal 2: Additional  3dB power boosting is used for IFDMA DMRS with RPF=2 if IFDMA-based DMRS is introduced. 
Propoal 3: RAN1 should study the inter-cell interference measurement mismatch problem for MMSE-IRC receivers. 
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