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1. Introductions
This contribution is a revision of R1-1904105. Section 2.4 is a new section and the remaining sections are almost the same as R1-1904105.
This contribution discusses design of UE adaptation to the maximum number of MIMO layers. Note that the maximum number of MIMO layers includes both the maximum number of DL MIMO layers and the maximum number of UL MIMO layers.
2. Discussion on UE adaptation in antenna domains
2.1. PDCCH reception performance for 2Rx and 4Rx
In Rel-15, for NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline. In some conditions, e.g., in RRC idle/inactive mode, or in low data rate services for UE with high SINR (e.g., UEs at cell center), fallback to 2Rx antenna operation is also allowed to save UE power.  In [2], simulation results show that power saving gain of adaptation to number of antenna is up to 30%, with tolerable packet delay loss. The related observations are as follows:

	The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to 3%-30% power saving gain for the dynamic antenna adaptation and 6%- 30% for the semi-static antenna adaptation with some impact to the system performance, such as 4% latency increase for dynamic antenna adaptation,  when reduced antenna operation is used mainly during periods of low scheduling activity and additional network resources are used for the compensation of the loss of multi-antenna processing gain.


The NR Rel-15 PDCCH link performance is evaluated and shown in Figure 1 and table 1, with evaluation assumptions listed in Table 2. Considering the UE SNR distribution in dense urban and indoor scenarios as shown in table 2 (referring to the 3GPP calibration results for IMT-2020 submission), the observation is as the following.
· More than 80% UEs in dense urban scenario has good coverage with PDCCH AL=2, if 2Rx is used

· More than 50% UEs in indoor scenario has good coverage with PDCCH AL=4, if 2Rx is used
For these UEs, if there is no high data rate requirement, 2Rx would be sufficient for data delivery in RRC connected mode. So it is beneficial to allow UE to fallback to 2 Rx for power saving purpose. Some signaling procedure would need to be studied to guarantee that no ambiguity between gNB and UE about the assumption of number of used Rx chains. Similar study can be performed in the UL as well. 
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Figure 1: NR PDCCH link performance with 2RX/4Rx
Table 1: SNR for 1% BLER

	Test case
	AL2-2Rx 
	AL2-4Rx
	AL4-2Rx
	AL4-4Rx
	AL8-2Rx
	AL8-4Rx
	AL16-2Rx
	AL16-4Rx

	SNR@1% BLER
(dB)
	6.82 
	1.67 
	1.26 
	-2.63
	-2.96
	-6.05
	-6.40
	-8.91


Table 2: simulation assumption for NR PDCCH link performance

	SCS
(KHz) 
	DCI Format
	CORESET
RB
	Payload
	CORESET time duration
	AL
	CCE-to-REG 
Mapping
	REG bundle
size
	Propagation
condition
	Antenna configuration with 2Rx
	Antenna configuration with 4Rx

	15
	1_1
	48
	50
	2
	8
	Non-interleaved
	6
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low


Table 3: 5/10/50%-percentile UE SNR (calibration results for IMT-2020 submission, 4GHz frequency)
	Deployment scenario
	Dense Urban 
	Indoor 

	5% percentile-UE SNR
	2.2   dB
	-3.11 dB

	10% percentile-UE SNR
	4.09 dB
	-2.23 dB

	20% percentile-UE SNR
	6.97 dB
	-1.03 dB

	50% percentile-UE SNR
	14.89dB
	2.42 dB


2.2. Signaling design
In Rel-15, for NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline but UE is allowed to use 2Rx in RRC IDLE mode. 
During RAN1 discussions, there are 2 options for gNB signalling to configure dynamic adaptation to the maximum number of MIMO layers for UE.

Option 1: gNB indicates the number of Rx antennas, i.e., 4Rx or 2Rx

In this option, gNB can explicitly to indicate UE to operate with 2Rx or 4Rx.  This requires the design of a new signalling. The antenna switching time need to be invested by RAN4.

Option 2: gNB indicates the maximum number of DL MIMO layers, i.e., 2 layers or 4 layers

In Option 2, gNB configures the maximum DL MIMO layers, and UE can choose the appropriate operation mode, i.e., 2Rx or 4Rx based on the gNB configurations. For example, if gNB configures 2 layers, UE may operate with 2Rx or 4Rx by implementation considering the received SINR. If gNB configures 4 layers, UE need operate on 4Rx ports.

In Rel-15, Maximum DL MIMO layer can be configured per UE per cell. To support dynamic configuration, BWP framework can be used to indicate the dynamic switching of maximum DL MIMO layer, by using BWP specific configuration of maximum DL MIMO layer. Alternatively, new DCI/MAC CE can be designed to indicate the maximum DL MIMO layers without BWP switch.
Proposal 1: “Specify the power saving techniques of UE dynamic adaptation to the maximum number of MIMO layers” is included in WID.
Proposal 2: Narrow down the following two options for signaling design:

· Option 1: gNB indicates the number of Rx antennas, i.e., 4Rx or 2Rx
· Option 2: gNB indicates the maximum number of DL MIMO layers, i.e., 2 layers or 4 layers

2.3. UE assistance information
During RAN1 discussions in SI stage, in some conditions, for example, UE is in low battery or overheating, or for UE with high SINR and low data rate services, UE can report to gNB its preferred maximum MIMO layers/number of Rx antennas, to save power. gNB will decide the final configuration of maximum MIMO layers/number of Rx antennas to this UE. There are two approaches to carry the identified UE assistance information, i.e. MAC CE or RRC.  For RRC based approach, there are two messages can be considered to carry the identified UE assistance information: 

a)
In the existing UEAssistanceInformation IE

b)
In the temporary capability

Observation 1: RAN2 to study and design UE reporting preferred maximum number of MIMO layers/number of Rx antennas. 
2.4. Switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers
In power saving WID, there is a RAN4 task to evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers. In our RAN4 contribution [3], there is a detailed analysis and the conclusion is as follows. 
Observation 2: The switching times for UE dynamic adaptation to the maximum number of MIMO layers is in an order of hundreds of us. 
Observation 3: The interruption times for UE dynamic adaptation to the maximum number of MIMO layers is negligible, if any.
Please note that RAN4 will finally determine the values of required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers based on contributions and discussions.
3. Conclusion

In this contribution, we discussed design of UE dynamic adaptation to the maximum number of MIMO layers, and have following observation and proposals. 
Proposal 1: “Specify the power saving techniques of UE dynamic adaptation to the maximum number of MIMO layers” is included in WID.
Proposal 2: Narrow down the following two options for signaling design:

· Option 1: gNB indicates the number of Rx antennas, i.e., 4Rx or 2Rx
· Option 2: gNB indicates the maximum number of DL MIMO layers, i.e., 1 layer, 2 layers or 4 layers

Observation 1: RAN2 to study and design UE reporting preferred maximum number of MIMO layers/number of Rx antennas. 
Observation 2: The switching times for UE dynamic adaptation to the maximum number of MIMO layers is in an order of hundreds of us. 
Observation 3: The interruption times for UE dynamic adaptation to the maximum number of MIMO layers is negligible, if any.
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