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1 Introduction
In RAN4 #55 meeting in Montreal, a Skeleton TR for UL MIMO WI [1] was approved and agreed to be used to capture all the study outcomes on this WI in future RAN4 meetings. Regarding the future RAN4 work on demodulation aspect, comments received from interested companies are basically the limited information on RAN1 progress.
To facilitate RAN4 work, in this contribution we firstly provide the information on RAN1 progress and then analyze the feasibility of starting RAN4 study on demodulation aspect.
2 Information on RAN1 Progress
For UL-MIMO WI, the latest status from RAN1 is that most work has been completed with only a few detailed issues still open.
2.1 Uplink Spatial Multiplexing
For uplink spatial multiplexing, all the issues have already been finalized including:
· Layer mapping
· Precoding for 2Tx and 4Tx

2.2 Uplink Transmit Diversity
For uplink transmit diversity, following issues have been finalized:
· Uplink control channels with Rel-8 PUCCH format 1/1a/1b
· No transmit diversity for PUSCH
2.3 Uplink reference signals
For uplink reference signals, following issues have been finalized:

· Demodulation reference signal multiplexing scheme for multiple layers
2.4 Multiplexing UCI on PUSCH
· Details were agreed on how HARQ-ACK, RI and CQI/PMI are multiplexed with PUSCH when PUSCH consists of multiple layers: HARQ-ACK and RI will be replicated across all layers of both CWs.
2.5 HARQ procedure for SU-MIMO
· No layer shifting and no spatial bundling have been agreed. 
· NDI bits (one per codeword) in the DCI format associated with UL MIMO

· 2 HARQ A/N bits in PHICH
2.7 Transmission mode

· Single antenna port mode has been finalized

· Multiple antenna port mode has been finalized
· Possibility of dynamically fallback to a single antenna port transmission

2.8 List of open issues
Following issues are identified as open by RAN1 and RAN plenary:
· Details of multi-antenna sounding

· Details of transmit diversity and the related resource allocation for PUCCH

· Details of scrambling for multiple antenna ports

· Details of UCI multiplexing on PUSCH 

· Details of PHICH resource assignment for two-codeword transmission

· Details of transmission mode definition and the corresponding DCI formats design.
2.9 Other information on UL-MIMO from RAN plenary
In last RAN plenary meeting, there was a general decision that ITU-R related works are further prioritized. RAN1 is going to draft CR covering UL-MIMO, DL-MIMO and CA for September meeting. For UL-MIMO, the indicated overall completion rate was increased to 55% (This includes RAN4 work on RF and BS requirement aspects), which means RAN1 work has nearly reached a completion.
3 Discussion
Generally speaking, for nearly all cross-working groups WIs, a large amount of RAN4 work can be identified independent from other working groups. For example, RF requirements and some test conditions on demodulation aspect like channel model [2] [3], test case combination and test methodology. How to limit the test case number, as mentioned in [4], is also deemed to be a key issue for the BS demodulation work.
Based on the above provided information, it is suggested RAN4 can start following work at current stage:

3.1 Performance requirements for PUSCH
· For UEs with multiple transmit antennas, an uplink Single Antenna Port Mode is defined. No additional performance requirements are needed as agreed in [5]. Uplink spatial multiplexing is supported for PUSCH. Hence new performance requirements will be needed for multi-path fading propagation conditions. Since this transmission scheme shows some similarities to the DL-MIMO in Rel-8, performance requirements can be defined considering different transmit antenna and different transmission rank combinations. It is proposed to focus on two and four antenna ports cases.  Antenna configurations of 2x2, 2x4 and 4x4 can be firstly studied at the early stage due to the typical structures. 
· Regarding requirements for UL timing adjustment, no new requirement needs to be defined for UL MIMO. Because the intention is to test BS's ability of estimating appropriate UL transmission timing in multi-path conditions and the ability of sending TA commands with appropriate frequency. The existing R8 test case can achieve the above target and new requirement is not necessary for UL-MIMO.
· Regarding requirements for high speed train, no new requirement needs to be defined for UL MIMO. At the speed of above 300km/h, the spatial multiplexing transmission will fall back to single antenna port mode.
·  Regarding requirements for HARQ-ACK multiplexed on PUSCH, HARQ-ACK is replicated across all the layers of both codeword in case of spatial multiplexing transmission. New performance requirements are needed.  
· For Rel-8 performance requirements, the performance requirements for all the defined bandwidths have been defined. However, with the introduction of multiple antenna transmission, it would seem beneficial to limit the number of required tests.
· Different modulation schemes, coding rates, etc. should be covered when designing the tests. However, to some tests on multiple layers transmission, e.g. full rank transmission, the MCS definitions with too high coding rates and high order modulation may not feasible. So it would be useful to determine MCS definitions assuming different transmission scheme. We propose to focus on feasible MCS setting corresponding to different tests for further study.
3.2 Performance requirements for PUCCH
· For uplink Single Antenna Port mode. No additional RAN4 requirement is needed as agreed in [5].
· For PUCCH format 1a, SORTD is supported for transmission with two antenna ports. For the UE with four transmit antennas, the 2Tx transmit diversity scheme is applied. New performance requirements will be needed and we propose to focus on two antenna ports cases. 
· For PUCCH format 1a with multi-user, concurrent multi user case in [7] only reflects the single antenna port transmission on PUCCH. For Rel-10, as SORTD is introduced, the current multi user test case is not enough due to no SORTD user in the multi user test case. Note that one SORTD user is not equivalent to two single antenna port user as the transmit power is split on the two PUCCH resources of SORTD. RAN4 shall consider updating the multi user PUCCH case for better evaluation of Rel-10 PUCCH performance.
· It is further noticed that SORTD demodulation performance may be sensitive to AGI because of unequal performance of the PUCCH resources. Thus RAN4 shall further study the AGI impact on SORTD of PUCCH.
3.3 Performance requirements for PRACH
· According to [6], there’s no change in RAN1 specification, thus no new requirement is foreseen in RAN4 Rel-10 work. In this case, we can reach a conclusion on PRACH requirements and close this issue at current stage.
3.4 Channel model and MIMO correlation matrix 

· As testing channel model together with MIMO correlation matrix are RAN4 specific issues, these can be discussed and decided at current stage.
4 Conclusion


In this contribution we provide the information on RAN1 progress and analyze the feasibility of starting RAN4 study on demodulation aspect. It is suggested that RAN4 take these information into account and start work on certain BS demodulation aspects.
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