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1. Introduction

The WI on power saving is approved in [1]. The RF related content was discussed in RF session during last two RAN4 meetings. It is identified that the MIMO layer adaption has RRM impact. This is the first meeting for RRM session to discuss the power saving WI. This paper provides the analysis on the RRM requirements for MIMO layer adaption
2. Discussion
During RAN #84 meeting, the WID [1] was approved with the assumption that MIMO layer adaption is configured between initial/default BWP and configured BWPs. WF [2] was approved in RAN4#91 meeting, the switching and interruption time of MIMO layer adaption was discussed based on the BWP switching framework.
	· It is RAN4 common understanding that Per-BWP maximum MIMO layer configuration is beneficial

· Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.

· 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. (case 1)

· Further study the switching delay and interruption requirements when only the number of maximum MIMO layer is changed in the BWPs before and after MIMO layer adaption. (case 2)


· e.g. the BWP center frequency, bandwidth and SCS… will keep unchanged during MIMO layer adaption. 

· no further relaxation of the requirement compared to BWP switching delay and interruption  for Type 1 and Type 2 UEs.

· The above bullets are for downlink MIMO layer adaption. FFS for UL.


The conclusion in RF session is that the current requirements in BWP switching including delay and interruption can be reused for MIMO layer adaption case 1. The BWP delay includes the requirements of type1 and type 2 which depends on UE capability. During MIMO layer adaption, the switching delay incorporates 3 parts according to the discussion in RF session: The time required for PDCCH decoding time, new parameter calculating and loading and applying the new parameters [2].
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The interruption requirements of current BWP switching are specified as below. 
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	NR Slot length (ms)
	Interruption length X (slotsNote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	
3


	3
	0.125
	5

	Note1:
If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 


Regarding case 2, only MIMO layer is changed between the BWPs before and after MIMO layer adaption. There is no need to change the bandwidth, center frequency and SCS. This case only need to consider the switching delay for antenna number adaption. The total delay for UE to switch MIMO layer number would also incorporate 3 parts as BWP switch framework. Both of the PDCCH processing time and the RF parameter calculating/loading time belongs to the baseband processing part which can be defined as the minimum time between the end of reception of PDCCH and the RF adaption signalling is ready to be sent to the related module. According to the study for the industry, baseband processing part will take about 200us. Moreover RF adaption time is fast since the RF chain open/close procedure is similar as On/off power transition.  In summary, the switching time for MIMO layer adaption (i.e., antenna number changes) can be very short. Considering more room for margin, we think BWP switching delay in R15 for type 1 can be reused for the delay for MIMO layer adaption in case 2.
Proposal 1: BWP switching delay in R15 for type 1 can be reused for the delay for MIMO layer adaption in case 2.
During the MIMO layer adaption, UE needs to stabilize the PLL since the load change will have extra impact on the output of the VCO and the frequency/phase tracking loop. Multiple serving cells may share the PLL. Thus the interruption time for MIMO layer adaption in case 2 can reuse the exiting R15 interruption of BWP switching.

Proposal 2: BWP switching interruption in R15 can be reused for the interruption for MIMO layer adaption in case 2.
In NR Rel-15, the maximum MIMO layer is configured in PDSCH-ServingCellConfig which is UE specific PDSCH parameter that is common across the UE's BWPs of one serving cell. The changing of Max MIMO layer are through the RRC reconfiguration signalling. In NR Rel-16, the MIMO layer adaption is configured between initial/default BWP and other BWPs. RAN2 is working on the IE design for adding the maximum MIMO layer in the BWP configuration. It shall be noted that RAN2 is only intending to modify the downlink BWP configuration in R16. The uplink MIMO layer adaption are already implicitly implemented by changing the SRS port in R-15. Thus RAN4 don't need to discuss UL MIMO layer adaption in R16. The existing BWP switching delay and interruption requirements in R15 can be reused for uplink MIMO layer adaption.

Proposal 3: We don't need to discuss UL MIMO layer adaption in R16.
3. Conclusions

This contribution provides the preliminary discussion on MIMO layer adaption. The proposals are provided as below:
Proposal 1: BWP switching delay in R15 for type 1 can be reused for the delay for MIMO layer adaption in case 2.
Proposal 2: BWP switching interruption in R15 can be reused for the interruption for MIMO layer adaption in case 2.
Proposal 3: We don't need to discuss UL MIMO layer adaption in R16.
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