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Introduction

In 3GPP TSG RAN1#98 meeting, the following agreements are reached [1].
Agreements:

Support per-DL-BWP configuration of maximum number of DL MIMO layers 

Signalling details up to RAN2

That is, for downlink transmission, besides the initial / default BWP, other BWP can be separately configured with a RRC parameter “maximum number of DL MIMO layers”. However, some issues (such as LBRM, layer adaptation, etc.) are still pending.

In this contribution, the aspects of potential techniques for UE adaptation to maximum number of MIMO layer are discussed.

Remaining issues on the configuration of DL maximum number of MIMO layers
After last meeting, there are some remaining issues analyzed as following.
CSI and QCL mismatch
The CSI measurement and QCL assumption for DL transmission is related to both the max MIMO layers and the number of active antenna ports. If the max MIMO layers is adapted via BWP switching, sometimes, the different understanding of the number of antenna ports between data transmission and CSI-RS measurement may result in a mismatched understanding on the reported CSI. For example, UE transmits the reported CSI corresponding to 2 max MIMO layers and 4 active antenna ports after the max MIMO layers for data transmission switching from 4 to 2. Hence, the number of antennas used for CSI-RS measurement and data transmission may be mismatched. However, a good UE implementation should align the implementation between deriving the QCL parameters and applying the QCL parameters. Take QCL Type D as an example. If UE is going to turn off some of the antennas in one BWP for data transmission, UE should generate a wider RF beam with the same number of antennas after turn-off for CSI-RS measurement. The CSI-RS measurement procedure should not be impacted. The UE can resolve it via its implementation. There is nothing that the specification needs to restrict. Hence, we have the following observation.

Observation 1: CSI and QCL mismatch can be resolved via UE’s implementation.
Soft buffer size
According to [2], for LBRM, the circular buffer size for DL-SCH/PCH is dependant on DL maximum number of layers (i.e., maxMIMO-Layers of PDSCH-ServingCellConfig, configured by RRC) as the following.
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 is determined according to Subclause 5.1.3.2 in TS 38.214 for DL-SCH/PCH, assuming the following:
-
maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where

-
if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter

-
otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell
In TS 38.214, TBSLBRM is related to Ninfo, where Ninfo=NRE*R*Qm*v , where v is X listed above [2]. Obviously, the larger the maxMIMO-Layers, the larger circular buffer size is. Operation on more memory will consume more energy. After the introduction of per-BWP configuration of maxMIMO-Layers, how to determine the circular buffer size for LBRM should be discussed. 
Generally, the soft buffer size at the UE side may not be expected to be changed frequently in one serving cell, so the max MIMO layers configured for all BWPs in a serving cell is considered to be prioritized. Therefore, for PDSCH, if maxMIMO-Layers of a serving cell is configured, the soft buffer size described in TS 38.212 should be depended on the maxMIMO-Layers across all BWPs of the serving cell, otherwise, the soft buffer size should be depended on the maxMIMO-Layers for the active BWP if the maxMIMO-Layers is configured per BWP.

Proposal 1: For soft buffer size determination of PDSCH, the cell-specific maxMIMO-Layers configuration should be prioritized than the BWP-specific maxMIMO-Layers configuration.
Here in an example. TBSLBRM is determined according to Subclause 5.1.3.2 in TS 38.214 for DL-SCH/PCH, assuming the following:
-
maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where

-
if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter

- else if the higher layer parameter maxMIMO-Layers of PDSCH-Config is configured, X is given by the maximum number of maxMIMO-Layers across all BWPs
-
otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell

Necessity of configuration of UL maximum MIMO layers for each BWP
Generally, UE transmits PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by L1 or RRC signaling. In Rel-15, for codebook based uplink transmission, the configuration of maxRank in PUSCH-Config IE has already been applied for a particular BWP. For non-codebook based uplink transmission, there is no configuration of BWP-specific maxRank.

However, there is no simulation result about any power saving gain for UL MIMO layer adaptation in TR 38.840, even though in the power model in TR 38.840, there is a scaling factor about UL antenna adaptation (2Tx VS 1Tx in FR1 ). Hence, it is proposed that the configuration of UL maximum MIMO layers for each BWP for power saving purpose should be studied.
Proposal 2: The benefit of per-BWP configured UL maximum MIMO layers for non-codebook based uplink transmission should be studied.
On UE assistance information of MIMO layer

To save UE’s power, the preference of per-BWP configuration should be fed back from UE. The maximum MIMO layers expected by the UE can be different in FR1 and FR2. For different traffic types, this value may vary. For example, if the UE were equipped with four antennas, but the signal were very good and, two antennas were enough for current application, then the UE can feed back “two layers” in this scenario. To reduce the number of bits for feeding back, the following options can be considered.

One value per UE.

One value per MAC entity. That is, only one number is fed back from UE for CA while two numbers are fed back from UE for DC.

One value per band combination as in [3]. If UE supports multiple band combinations, then UE can feed back multiple values (one value for each band combination). For this option, the number of bits for feeding back is still large if UE supports many band combinations.

One value per FR. That is, one value for FR1, another value for FR2. If a UE is configured with FR1 and FR2, then two values will be fed back. 

For simplicity, the first option is suggested. If these assistance information could be fed back to gNB, then the gNB can configure the UE with precise number of MIMO layer. Hence, the data transmission delay will not be affected much while the power consumption is reduced. The user experiment (QoE) is improved. Hence, we have the following observation and proposal.

Observation 2: UE assistance information of MIMO layer is helpful for power saving.

Proposal 3: One value per UE for the maximum MIMO layers expected by the UE could be fed back.
In addition, the assistance information can be sent via RRC signaling as the following Figure 1. As these information will not change much during a long time, the RRC signaling is enough for handling this. Regarding when the assistance information is triggered, it depends on UE’s implementation. For example, when a UE is in low battery, or when the channel condition is very good, then the UE can report its preference. Take resource overhead of reporting into consideration, the report should not be too frequent.
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Figure 1   UE feeds back its preferred Max MIMO Layer 

Conclusion

In this contribution, we discuss some aspects on UE adaptation to maximum number of MIMO layer. We have the following observations and proposals.
Observation 1: CSI and QCL mismatch can be resolved via UE’s implementation.

Observation 2: UE assistance information of MIMO layer is helpful for power saving.
Proposal 1: For soft buffer size determination of PDSCH, the cell-specific maxMIMO-Layers configuration should be prioritized than the BWP-specific maxMIMO-Layers configuration.
Proposal 2: The benefit of per-BWP configured UL maximum MIMO layers for non-codebook based uplink transmission should be studied.
Proposal 3: One value per UE for the maximum MIMO layers expected by the UE could be fed back.
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