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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN#83 meeting, a WID on UE power saving in NR was approved [1]. The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving. The power saving technique should address latency and performance in NR as well as network impact. In RAN#84 meeting, the scope of the WID on UE power saving was updated [2]. One of the objectives is to specify the power saving techniques of UE adaptation to the maximum number of MIMO layers.
[bookmark: OLE_LINK54][bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]In RAN1#98 meeting, it was agreed on supporting per-DL-BWP configuration of maximum number of MIMO layers [3]. This contribution discusses remaining issues on dynamic adaptation to the maximum number of MIMO layers for UE power saving.
Remaining issues on per-DL-BWP configuration of maximum MIMO layers
[bookmark: OLE_LINK83]Based on the study item phase discussion, it is a common understanding that reducing the maximum number of MIMO layers, which gives the UE opportunity to reduce the number of antennas/RF chains, can significantly save the UE power. For example, if the UE supports at most 4 DL MIMO layers, it usually means that the UE is equipped with at least 4 DL RF chains. If the gNB configures the UE with maximum number of DL MIMO layers equaling to 2 for a BWP, then in this BWP the UE can only turn on 2 DL RF chains and turn off the remaining RF chains to save power. 
According to RAN1#98 meeting, different configuration of MIMO layers can be configured for each DL BWP, and the UE adapts to the maximum number of DL MIMO layers by BWP switching. According to RAN4 meeting [4], the current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 are reused for MIMO layer adaption when the maximum number of MIMO layers is adapted as a part of the BWP change. In this section, remaining issues on BWP-based DL MIMO layers adaptation is discussed.
[bookmark: OLE_LINK1]Impact on CSI-RS measurement for MIMO layers adaptation
Based on the per-DL-BWP configuration of maximum MIMO layers, the UE can turn off part of antennas by implementation on the active BWP. On the active BWP, the UE will receive CSI-RS and measure/report CSI so that the gNB can correctly schedule the UE. Similarly as PDSCH reception, the UE can also determine the antennas for CSI-RS reception by implementation. For example, the UE uses the same number of antennas as PDSCH reception to receive CSI-RS, then the same wireless channel quality for CSI-RS and PDSCH are ensured. 
When the number of maximum MIMO layers is changed by BWP switching, an indistinct period may exist for gNB until the UE receives CSI-RS on the new active BWP and measure/report CSI. During the indistinct period because of the BWP switching, the gNB may schedule the UE with fewer MIMO layers. Hence, the current framework of CSI measurement can work for BWP based MIMO layers adaptation.
Observation 1: For BWP switching based MIMO layer adaptation, the current framework of CSI measurement can work for BWP based MIMO layers adaptation
Issues on SRS antenna switching
SRS antenna switching is designed to acquire the DL CSI for different antenna ports at gNB side especially in TDD system because of the channel reciprocity. The SRS antenna switching capability is also tightly relevant to RF chains. For example, the UE capability of maximum DL MIMO layers is 4 and the UE capability of supportedSRS-TxPortSwitch is 2T4R. If on the active DL BWP the maximum DL MIMO layers equals to 2, the UE may not be able to switch off 2 DL RF chains because the UE still switches the antenna ports based on 2T4R SRS antenna switching pattern. As the consequence, even the maximum number of DL MIMO layers is reduced, power saving cannot be achieved. Even if the UE is able to switch off 2 DL RF chains, switching SRS on 4 antenna ports is meaningless and power-wasting since only 2 antenna ports are available for PDSCH. If the UE only transmits SRS on 2 antenna ports, it is not clear whether the fallback SRS Tx port switching pattern is 2T2R or 1T2R (see Figure 1), which would lead to misalignment between the UE and the network. To save the UE power, the behavior of fallback SRS antenna switching should be defined so that the UE can turn off part of antenna ports.
Observation 2: From the UE side, for UE power saving, only the MIMO layers is reduced but the SRS antenna switching capability may still be high, the power is still wasted.
[image: ]
Figure 1. The potential fallback SRS Tx port switching pattern
From the perspective of network, the SRS resources are precious. When the network configures the reduced maximum MIMO layers, the network would prefer to configure the reduced SRS antenna switching pattern to save the SRS resources. It is beneficial for the efficiency of resources usage.
Observation 3: From the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
To address the issue discussed above, a straight forward way is to report the fallback SRS antenna switching capability corresponding to the reduced maximum MIMO layers. The following potential ways can be considered:
· Solution 1: Indicating the reduced SRS antenna switching in the UE capability information message. This solution is more suitable for the power saving case, the network is able to configure the different MIMO layers and SRS resources for SRS antenna switching in different BWP based on the UE capability which are indicated in the beginning.
· [bookmark: OLE_LINK42]Solution 2: Indicating the reduced SRS antenna switching along with reporting the reduced MIMO layers in the UE assistance information message. Considering the signalling overhead, the reduced SRS antenna switching capability only for the current configured band combination is reported in UE assistance information.
Another potential way is to switch antenna port(s) on part of SRS resource(s) if the reduced DL MIMO layers is configured. gNB configures SRS resource based on higher UE capability, but the UE switches SRS antenna ports on part of SRS resource by predefined pattern. For example, the UE capability of supportedSRS-TxPortSwitch is 2T4R, a SRS resource set is configured with two SRS resources transmitted in different symbols, and each SRS resource consisting of two SRS ports. When the DL maximum MIMO layers is 2, the UE can only transmit the first SRS resource with two SRS ports to gNB for CSI measurement of 2Rx.
Proposal 1: When adapting to the maximum DL MIMO layers, one of the following ways of SRS antenna switching should be supported:
· Alt 1: Indicating the fallback capability for SRS antenna switching by UE capability information or UE assistance information corresponding to the reduced maximum MIMO layers
· Alt 2: gNB still configures SRS resource based on UE capability, but the UE only switches SRS antenna port(s) on part of SRS resource according to the configured maximum MIMO layers by predefined rule.
If gNB has already known the fallback capability for SRS antenna switching, the gNB should configure the SRS resource set with usage of value ‘antennaSwitching’ on the BWP with reduced maximum MIMO layers properly. Otherwise, power and physical resources are wasted.
Observation 4: On the BWP with reduced maximum MIMO layers configuration, in order to achieve the power saving gain the gNB need configure the SRS resource set for antennaSwitching properly.
Soft buffer size
According to section 5.4.2.1 in TS 38.212, the determination of TBS for limited buffer rate matching for DL-SCH/PCH depends on configured maximum DL MIMO layers of the serving cell if configured, otherwise, depends on the UE capability of maximum DL MIMO layers. R16 introduces per BWP configured maximum DL MIMO layers for power saving, TBS for limited buffer rate matching for DL-SCH/PCH can depend on maximum value of maximum MIMO layers across all DL BWPs of the serving cell. If the reduced maximum DL MIMO layers is configured per BWP, the soft buffer size can be saved. 
Proposal 2: When the maximum DL MIMO layers is configured per BWP, TBS for limited buffer rate matching for DL-SCH/PCH can depend on maximum value of maximum MIMO layers across all DL BWPs of the serving cell.
Analysis the adaptation of UL maximum MIMO layers
Whether to configure the maximum number of MIMO layers per UL BWP
Based on BWP switching framework, it is still FFS on whether or not to extend the configuration of maximum number of UL MIMO layers to per-BWP configuration. In Rel-15, there are two transmission schemes for PUSCH, codebook based (CB) transmission and non-codebook based (NCB) transmission. For both cases, the antenna port(s) used for PUSCH is indicated by the field of SRS resource indicator (SRI) in DCI format 0_1. But in different case, different interpretation is used.


For CB PUSCH, SRI indicates one SRS resource out of  SRS resources, where the  SRS resources are in the SRS resource set associated with the higher layer parameter usage which is set to the value of 'codeBook'. It is noted that SRS resource set is configured per BWP, which implies that if the gNB can configure the SRS resource set properly, UL MIMO adaptation can be implemented for CB transmission. For example, the gNB configures on BWP 1 the SRS resource set with the usage set to the value of 'codeBook', in which the maximum number of antenna port for any SRS resource is no larger than 4. And on BWP 2 gNB configures the SRS resource set with the parameter usage set to the value of 'codeBook', in which the maximum number of antenna port for any SRS resource is no larger than 2. Then by switching the active UL BWP between BWP 1 and BWP 2, the maximum number of UL MIMO layers can be adapted implicitly.





[bookmark: _GoBack]For NCB PUSCH, SRI indicates at most  SRS resources, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'nonCodeBook', and  is determined by maxMIMO-Layers if configured or by the reported UE capability if maxMIMO-Layers is not configured. In Rel-15, only one SRS port for each SRS resource can be configured in the SRS resource set with the parameter usage set to the value of 'nonCodeBook', which means that the number of indicated SRS resources equals to the number of antenna ports used for PUSCH. Note that SRS resource set is configured per BWP, then it implies that if the gNB can configure the SRS resource set properly, UL MIMO adaptation can be implemented for NCB case. For example, the gNB configures the SRS resource set with the parameter usage set to the value of 'nonCodeBook' on BWP 1, in which . And the gNB configures the SRS resource set with the parameter usage set to the value of 'nonCodeBook'  on BWP 2, in which . Then by switching the active UL BWP between BWP 1 and BWP 2, the maximum number of UL MIMO layers can be adapted implicitly.
According to the above analysis, maximum number of UL MIMO layers can be adapted by BWP switching in Rel-15 for all cases if the SRS resources are properly configured.
Proposal 3: To draw a conclusion that maximum number of UL MIMO layers can be adapted by BWP switching in Rel-15 for all cases if the SRS resources are properly configured.
The coherent transmission capability for UL MIMO
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK4]Another issue for UL MIMO is about the coherent transmission capability. In Rel-15, the UE can report its capability of coherent transmission, and then be configured with the available codebook subset. Specifically, if the UE reports it can support fullCoherent, the UE can be configured by higher layer parameter codebookSubset as fullyAndPartialAndNonCoherent, or partialAndNonCoherent, or nonCoherent. If the UE reports it can support partialCoherent, the UE can be configured by higher layer parameter codebookSubset as partialAndNonCoherent or nonCoherent. If the UE reports it can support nonCoherent, the UE can only be configured by higher layer parameter codebookSubset as nonCoherent. The reported coherent transmission capability corresponds to the coherence when the UE turns on all the UL antenna ports. 
As discussed above, the maximum number of UL MIMO layers can be adapted by BWP switching, it means that in some BWP the UE may use less antenna ports in UL than that it can support.  For the reduced maximum number of UL MIMO layers, the UE can turn off part of antenna ports but the UE’s coherent transmission capability of the remaining antenna ports is not known by the network. For example, the UE supports the maximum MIMO layers of fourLayers for UL and supports partialCoherent. On the active BWP, the UE can switch off 2 UL RF chains to save power, however the gNB is not clear whether the fallback coherent transmission capability for the remaining antenna ports is fullCoherent or nonCoherent. If the UE cannot support coherent transmission for the remaining 2 antenna ports but the gNB indicate a full coherent codebook, the scheduling of 2-layer PUSCH will fail. So a safe scheduling strategy is gNB only schedules single port for PUSCH. For the UEs which can support coherent transmission for the remaining 2 antenna ports but the gNB doesn’t know the fallback coherent capability, the UE cannot be scheduled efficiently.
Observation 5: For the UE supports fourLayers for UL and supports partialCoherent, if the UE transmits via two antenna ports for the reduced maximum MIMO layers, the coherent capability for the two antenna ports may be misaligned between the UE and the network. If the UE’s fallback coherent capability can be aligned with the gNB, the performance can be improved.
To address the issue discussed above, a straightforward way is to report the fallback coherent transmission capability corresponding to the reduced maximum UL MIMO layers. Two potential ways are imaged:
· Solution 1: UE to report its fallback capability. 
· Solution 2: Define the fallback rule in spec. 
Proposal 4: The fallback coherent transmission capability corresponding to the reduced maximum UL MIMO layers in the case when UE supports four Layers and partialCoherent should be reported by UE or pre-defined in spec.
Conclusions
In this contribution, we firstly discuss the issues on per-DL-BWP configuration of maximum MIMO layers, then analyze the adaptation of UL maximum MIMO layers. Based on the analysis, we have the following observations:
Observation 1: For BWP switching based MIMO layer adaptation, the current framework of CSI measurement can work for BWP based MIMO layers adaptation
Observation 2: From the UE side, for UE power saving, only the MIMO layers is reduced but the SRS antenna switching capability may still be high, the power is still wasted.
Observation 3: From the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
Observation 4: On the BWP with reduced maximum MIMO layers configuration, in order to achieve the power saving gain the gNB need configure the SRS resource set for antennaSwitching properly.
Observation 5: For the UE supports fourLayers for UL and supports partialCoherent, if the UE transmits via two antenna ports for the reduced maximum MIMO layers, the coherent capability for the two antenna ports may be misaligned between the UE and the network. If the UE’s fallback coherent capability can be aligned with the gNB, the performance can be improved.
For the adaptation to the maximum number of MIMO layers, it is proposed that
Proposal 1: When adapting to the maximum DL MIMO layers, one of the following ways of SRS antenna switching should be supported:
· Alt 1: Indicating the fallback capability for SRS antenna switching by UE capability information or UE assistance information corresponding to the reduced maximum MIMO layers
· Alt 2: gNB still configures SRS resource based on UE capability, but the UE only switches SRS antenna port(s) on part of SRS resource according to the configured maximum MIMO layers by predefined rule.
Proposal 2: When the maximum DL MIMO layers is configured per BWP, TBS for limited buffer rate matching for DL-SCH/PCH can depend on maximum value of maximum MIMO layers across all DL BWPs of the serving cell.
Proposal 3: To draw a conclusion that maximum number of UL MIMO layers can be adapted by BWP switching in Rel-15 for all cases if the SRS resources are properly configured.
Proposal 4: The fallback coherent transmission capability corresponding to the reduced maximum UL MIMO layers in the case when UE supports four Layers and partialCoherent should be reported by UE or pre-defined in spec.
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