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1. Introduction
The multi-antenna operation for supporting UL SU-MIMO with up to 4 layer spatial multiplexing was agreed in a new WI (UL multiple antenna transmission for LTE) during RAN #46 [1]. This WI is seen as a solution to fulfil requirements in TR36.913 for LTE-A on peak rate spectral efficiency of 15 b/s/Hz. This contribution initiates the discussion on the RAN4 aspects related to the BS demodulation performance requirements. 
Rel8/9 LTE specification was not covering UL multi-antenna techniques (despite of the UE Tx antenna selection optional feature). UL MU-MIMO was actually possible in Rel8 LTE, however this functionality was transparent to the UE and not visible in the specification. UL multiple antenna transmission in LTE-A aims at SU-MIMO functionality which is discussed in the following sections. 

2. WI scope

Based on [1], UL MIMO transmission for LTE shall cover the following objectives:

-
Specification of UL SU-MIMO for up to 4 layer spatial multiplexing, considering practical UE implementation. According to agreements made during SI this includes:

· Addition of precoded DRS 
· Additional SRS
· Uplink transmit diversity scheme on the PUCCH
· Additional physical control signalling
-
Specify the UE RF core requirements

-
Specify the BS core requirements
3. RAN1 status 

Currently, RAN1 is discussing the number of technical issues related to the UL MIMO for LTE-A. E-mail discussion after RAN1#59bis was triggered for some of the following issues:
· Rank 3 codebook and its size

· Performance comparison for codebooks with different sizes

· Rank1, Rank2 and Rank4 precoding already agreed

· TxD scheme for PUCCH 1/1a/1b

· Note: Resource allocation for PUCCH format 1/1a/1b may be revisited along with CA discussion
· Multi-antenna transmission scheme for PUCCH 2/2a/2b
· Layer shifting

4. Impact analysis 

In this section, we are looking at foreseen RAN4 specification impact for BS demodulation performance requirements due to introduction of the UL multiple antenna transmission for LTE. 
4.1 PUSCH 

LTE-Advanced extends LTE Rel8 with support for uplink spatial multiplexing of up to four layers [2]. This is followed by introduction of 2 and 4 UE transmit antenna operation. PUSCH peak throughput will be increased accordingly. 
During the LTE-A SI work, codebook based transmission for PUSCH was considered as a solution to ensure that LTE‑A deployments offer good cell edge and average performance [2]. Codebook based precoding has been shown to give significant gains compared to single antenna transmission or open loop Tx diversity, which was not considered by RAN1 to be covered during further PUSCH studies. In codebook based (Closed Loop) precoding the eNodeB estimates the preferred precoding vector based on UL transmission (e.g. Sounding RS). 

As single antenna port mode definition was introduced for multi antenna UEs, UE behaviour on PUSCH channel using this mode will be the same as for UE with single antenna, from eNodeB’s perspective. Therefore further analysis shall focus on 2 and 4 antennal ports cases only. Furthermore, as current PUSCH performance testing is defined for 38 test points multiplied by 6 existing Rel8 channel BWs leading to total number of 228 performance requirements, it is proposed to focus on limited number of tests to be considered for further study.

It was agreed, that up to two transport blocks can be transmitted from a scheduled UE in a subframe per uplink component carrier (Single TB is mapped onto two layers in case of rank 3 and rank 4) [2]. Each transport block has its own MCS level. Depending on the number of transmission layers, the modulation symbols associated with each of the transport blocks are mapped onto one or two layers according to the same principle as for LTE Rel-8 downlink spatial multiplexing. Based on the following statements, it is foreseen that Rel8 performance requirements FRCs will require modifications due to increased transport block sizes, with additional restrictions expressing above mentioned agreements related to the MCS’ allocations across different rank transmissions. As UL SU‑MIMO transmit scheme shows some similarities to the DL MIMO, it is suggested to keep 36.101 specification as a reference during implementation of discussed feature in RAN4 specifications.
4.2 PUCCH 

During the LTE-Advanced study item, it was concluded that UL transmission diversity for PUCCH will help ensure that LTE-Advanced system deployments offer good cell edge and average performance. 2Tx and 4Tx cases were considered during SI phase. 
For uplink control channels with Rel8 PUCCH formats 1/1a/1b, the spatial orthogonal-resource transmit diversity (SORTD) scheme is supported for transmissions with 2 antenna ports [2]. In this transmit diversity scheme, the same modulation symbol from the uplink channel is transmitted from two antenna ports, on two separate orthogonal resources. For the UE with four transmit antennas, the 2-tx transmit diversity scheme is applied. According to RAN1 discussions, resource allocation for PUCCH format 1/1a/1b may be revisited along with carrier aggregation discussion.

PUCCH format 2/2a/2b is still under discussion in RAN1. 
As single antenna port mode definition was introduced for multi antenna UEs, UE behaviour on PUCCH channel using this mode will be the same as for UE with single antenna, from eNodeB’s perspective. Therefore further analysis shall focus on 2 and 4 antennal ports cases only. It is seen, that for those cases, PUCCH performance requirements will require updates. 
4.3 PRACH

No changes to PRACH in Rel10 were agreed. Therefore LTE-A UEs will appear to the BS as Rel8 UEs during the initial access process.
4.4 Transmission rank

According to [2], the UL transmission rank can be adapted dynamically in case of UL spatial multiplexing. It is proposed not to consider dynamic transmission rank adaptation in further BS demodulation analysis due to high complexity of possible performance verification. This is seen as similar issues to the UL power control functionality, which was not used in Rel8 UL demodulation tests. 

Testing effort for different rank transmissions shall be kept in mind during further studies on the possible test cases for UL SU-MIMO. Number of Tx antennas as well as precoding matrix for possible tests being introduced needs to be chosen. In principle, in case of full-rank transmission, only identity precoding matrix is supported. As peak UL throughout is one of the most visible measures of the UL MIMO, mentioned full rank transmission is seen as the preferred test case to be considered during further studies. 2 Tx and 4 Tx antennas cases and their testing benefits for lower rank transmissions shall be discussed further. 
4.5 SRS

Modifications to the SRS transmission are also required to support SU-MIMO. The baseline for sounding reference signals in LTE-A operation is non-precoded and antenna-specific. For multiplexing of the sounding reference signals, the LTE Rel-8 principles are reused [2]. 
From carrier aggregation point of view, SRS transmission will be an independent per each CC.
As single antenna port mode definition was introduced for multi antenna UEs, UE behaviour on SRS channel using this mode will be the same as for UE with single antenna, from eNodeB’s perspective. 

4.6 DM RS

It has been agreed that the DM RS are precoded the same way as UL data [2]. This means that the number of orthogonal RS resources required for a single UE is the same as the rank of the transmission. Primary method for providing orthogonality between DM RS is to allocate different cyclic shifts to different RS’.

4.7 HARQ-ACK

HARQ-ACK feedback is utilised in number of Rel8 BS demodulation performance tests. Two options for HARQ‑ACKs transmission were considered for multi antenna UL transmission, depending on the agreement on the layer shifting, which was not achieved, yet. 
ACK/NACKs bundled into 1-bit ACK/NACK were considered in RAN1 in case of layer shifting applied for PUSCH data to equalize channel quality between TBs. Second solution was two ACK/NACKs transmitted in case of no layer shifting (TB-specific MCS available for link adaptation). 
4.8 SU-MIMO vs. CA
Due to introduction of the UL SU MIMO [1] feature for LTE-A, its functionality with the UL carrier aggregation shall be studied as well. In addition to the possibility of UL throughput extension by CA functionality, further enhancements will be possible due to the fact of 2 and 4 UE transmit antennas introduction for UL SU-MIMO feature. Application of a single precoding matrix per uplink component carrier will be supported [2], meaning that UL SU-MIMO will be implemented per-CC.  
Referring to the discussion in [4] on the CA demodulation performance requirements, it is proposed not to introduce SU-MIMO performance tests for multi CC in order to reduce complexity. Therefore, proposed approach would be to cover CA demodulation performance without SU-MIMO, based on the Rel-8 requirements, where SU-MIMO performance coverage is suggested to be covered for single CC test case. 
More detailed analysis of the CA WI on the BS demodulation requirements was presented in [4]. 
5. Conclusion

We propose to take above mentioned BS aspects into account for further RAN4 studies. 
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