3GPP TSG RAN WG1 #88bis	R1-1705214
Spokane, USA, 3rd - 7th April 2017
Agenda item:	8.1.2.1.5 
Source:	Sony
Title:	Consideration on both UL and DL Diversity for NR Massive MIMO
Document for:	Discussion and Decision


Introduction
The frame structure and numerology for NR must consider many aspects in order to meet expected use cases and their corresponding requirements. Enabling different technologies for the intended wide frequency range discussed for NR is important, and should be supported in an efficient way. Furthermore also different form factors and price ranges needs to be supported, the latter directly relate to hardware implementation complexity. 

As has been proposed by a number of companies SRS defined reciprocity based MU-MIMO operation with large number of antennas for TDD [1], referred to as massive MIMO (MaMi), is an important enabler for improved spectral efficiency. MaMi as we refer to here is suitable for frequencies below 6 GHz, where the UE can be assumed to have omni-directional antenna coverage. 
In this paper we highlight aspects that need be taken into account both for UL and DL diversity and, specifically highlight the importance of UL diversity schemes and how they directly relates to the DL diversity performance for a MaMi system in an efficient manner.
Discussion
For MAMi targeting below 6GHz UL diversity is essential. The simple explanation is that the gNB precoding is entirely based on the SRS. The massive MIMO gain from the coherent summation of the signals propagating along different paths relies on the SRS. The consequence is that the DL signal level at an antenna that have not been transmitting an SRS (e.g. UE receive only antenna) will be heavily suppressed, and therefore also DL diversity performance is directly defined by the SRS. The topic is discussed in [2] where diversity strategies are investigated. One of the main conclusions from [2] is that it is essential to be able to transmit SRS from all of the UE antennas. 
[bookmark: _GoBack]From the study it is concluded that either UL switch diversity or dominant eigenmode transmission are the options available, and that it is essential to have UL diversity to ensure reliable SRS transmissions that directly relates also to the DL performance. 
Observation 1: SRS resource allocation and transmission strategy is essential for UL diversity.
Obsarvation 2: UL diversity is directly related to DL diversity in MaMi.

Dominant eigenmode transmission
For dominant eigenmode transmission separate transceiver chains are needed in the UE (Figure 1, left), and the SRS transmissions are selected to match the dominant eigenmode of the covariance matrix. Based on the hardening effect it appears the terminal have sufficient information to estimate the covariance matrix based on the received signal when SRS has been transmitted independently from the different antennas (raw-SRS). From the covariance matrix it is straight forward to derive the dominant eigenmode and define a precoding addressing this mode for the continuous SRS transmissions where a single SRS resource is needed. As an alternative the gNB can also derive the precoding based on the raw-SRS and define the SRS precoding in a closed loop manner, either by DL-RS or as codebook entries.
Observation 2: There is a need to be able to handle both raw-SRS (on a low rate) and precoded SRS (on a slot rate).
Multiple transmission paths offer higher rank operation capability for both UL and DL but adds to the hardware and thus cost. 
The dominant eigenmode approach addresses both UL and DL diversity at the same time.
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Figure 1: Dominant eigenmode transciver architecture,  switched diversity transceiver arcitechture and switched UL transceiver arcitechture, all for the special case of two antennas.
 Switched UL diversity
The approach is straight forward to select the antenna with favourable properties. UL switched diversity is achieved by a single frontend and a switch that connects the transceiver to the different antennas (Figure 1, centre). A raw-SRS needs to be transmitted from each antenna and either the terminal or the BS (in a CL manner) select the better for continuous transmissions. As for dominant eigenmode transmission, switched diversity addresses both UL and DL.
Switched diversity limits the rank in the UL but is capable of achieving higher rank in the DL if dedicated SRS for the different antennas are time duplexed and dual receivers are implemented in the UE (Figure 1, right) in combination with a cross switch (dual pole dual throw-DPDT).
With the need of a single transceiver the switched diversity is attractive from a cost perspective.
Observation 4: Diversity strategy relats to UE hardware cost. 
Observation 5: Switched diversity have an impact on SRS resource allocation for DL higher rank operation.
Conclusion 

In this paper we conclude that different options for UL diversity are available and targets different device categories. Further we conclude that UL diversity directly relates to DL diversity in a MaMi and it is therefore essential for NR. 
Observation 6:  The capability of UL SRS transmission from all UE antennas is essential also for higher rank operation, and has an impact on both UL and DL performance.
Based on these conclusions we propose the following:

Proposal 1: NR need to define scheduling approach, SRS resource allocation and SRS transmission strategies in order to enable UL/DL diversity for Massive MIMO below 6 GHz.
Proposal 2: NR need to support both high performance and low cost UEs. Therefore both dominant eigenmode and switched diversity based transmissions shall be concidered.
Proposal 3: SRS transmission capability from all UE antennas needs to be concidered by NR. It is essential from both diversity and higher rank operation perspectives and impacts on both UL and DL performance. 
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