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1 Introduction
In RAN4 #92bis meeting, agreement for MIMO layer adaption is captured in the chairman note:
	Based on the traffic model and RF architecture 

· No new switching delay requirements will be introduced for MIMO layer adaption except for type 1 and type 2 switching delay

· Power saving gain shall be considered


For case 2(only MIMO layer change), the delay and interruption time is still open.

This paper provides analysis on the switching time of MIMO layer adaption for case 2. 
2 Discussion
2.1 Whether switching delay need to consider traffic model 
In the latest approved WID[1], RAN4 was planned to have evaluation on MIMO layer adaption delay and interruption based on the RF architecture, we copy the objective as below:
	Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]

a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]

i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation


As highlighted with yellow, the switching delay and interruption times for MIMO layer adaption is clearly related to the RF architecture.

Observation 1: As approved in the latest WID, RAN4 will have evaluation on the MIMO layer adaption time and interruption based on the RF architecture. No traffic model issue need to be considered.
In the last meeting, power saving gain and traffic model studied in RAN1 was raised adding as one factor on switching delay by companies. In TR 38.840, traffic model was recorded as their system simulation assumption. The metric for the system simulation is not only power saving gain but also the delay, throughput… while the traffic model is not only concentrated on FTP model 3 and the inter-arrival time can be different. We also copy them as below:

· Evaluation metrics in TR 38.840
	Performance metrics

-
UE power saving gain - percentage of  power consumption reduction of the proposed power saving scheme from the baseline scheme

-
FFS: For the case multiple applications are evaluated, whether power consumption is the overall DoU power across the applications

-
System performance

-
Latency

-
Scheduling delay

-
User throughput

-
System throughput and/or resource utilization/overhead (if applicable) should be reported as the result of the evaluation, in addition to power saving gain.


· System level simulation assumptions-traffic model can be used
	Applications with the traffic model for the evaluation of the UE power saving scheme 

-
FTP - FTP model 3 

-
Other bursty traffic arrival models can be considered
-
Web-browsing 

-
Video streaming

-
Instant messaging 

-
VoIP 

-
Gaming

-
Background app sync 
-
For web-browsing, video streaming, and gaming applications, the traffic models and the delay requirements defined in R1-070674 can be used in the evaluation. The parameters (e.g. packet size) may be updated to be in line with EMBB traffic requirements.

-
For background app sync application, for power consumption evaluation purpose, it can be assumed that idle mode operations (inclusive of page detection, RRM, deep sleep and transition overhead) contributes to X% of the use case power. The remaining portion is contributed by intermittent RRC connections due to background activities (FFS: value of X)

-  Companies should report the assumptions made in the evaluation


According to the contents above, we can summarize some information as below:
· Power saving gain definition= (proposed power saving scheme-baseline scheme)/baseline scheme, the power saving gain is calculated within a certain DRX periods based on simulation assumption, however the power saving gain also depends on the package size, package arrival rate, and the scheduling by the gNB. For the package size and arrival rate, RAN1 already have many discussion during SI phase. We are focus on that the switching delay may have impact on the gNB scheduling, if the package is arrival as bursts, UE need to switching back and forth between 2 MIMO layer to 4 MIMO layer. If the switching delay is large, the gNB may not schedule the UE switching frequently. Considering of the practical application, the power saving gain may have qualitative change that big switching delay UE may always stay in 4 MIMO configuration and no power can be saved.it means 100% power saving gain is loss.
· Package Latency is also the evaluation metric: already discussed in RAN1, the latency increment in is highly related to the MIMO layer adaption time. According to the simulation results from companies, it is about 4% latency increase in average. Considering the difference between type1 and type2 switching time, the latency for type 2 switching delay would be about 3%~15%(depending on the baseline, behave even worse in real time service) larger than type 1 switching delay.
Observation 2: During RAN1 discussion, different traffic model is evaluated for performance metrics, including power saving gain, package latency and throughput. 
Observation 3: the switching delay will have large impact on the package latency especially on real time service(main service scenario for NR). According to our evaluation, the latency for type 2 switching delay would be about 3%~15% larger than type 1 switching delay.

Observation 4: the switching delay may cause qualitative impact on power saving gain, UEs with big switching delay may always stay in 4 MIMO configuration and no power can be saved.it means 100% power saving gain is loss.

Proposal 1:RAN4 shall evaluate the MIMO layer adaption delay and interruption only based on the RF architecture.
2.2 Antenna number adaption time in case 2
Case 2 is defined as BWP switching that only the number of maximum MIMO layer is changed. The BWP switching delay actually incorporates 3 parts according to the discussion in RF session: PDCCH processing, RF parameter calculating/loading and new RF parameter applying. In which, PDCCH processing time and RF parameter calculating/loading time belong to the BB part, and the RF parameter applying need the RF configuration change. In the third part, it includes the LO retuning and AGC settling time. From RF perspective, if only MIMO layer is changed in the BWPs, there would be no LO retuning and AGC time. For MIMO layer adaption time on RF, 10us as transient period was proposed since the RF chain open/close procedure is similar as On/off power transition. Apart from this procedure, the UE also need time to stabilize the PLL since the load change will have extra impact on the output of the VCO and the frequency/phase tracking loop. 

For baseband part, there was discussion in RAN4 that parameter calculating/loading will cost much time since the configuration on physical layer changed much duo to BWP switching. And since all the baseband process procedure have its timing limitation, BWP switching delay is specified based on slot length. Under the assumption that only MIMO layer is changed for BWP switching, actually baseband processing time can be reduced since no need for calculating and loading on other parameters. 

In the current spec, BWP switch delay is defined with type 1 and type 2 in Table 1. Considering only MIMO layer is changed, the baseband processing time and RF applying time is relatively stable. We propose to define only one type for MIMO layer adaption time in case 2, there shall be no type 1 and type 2 delay. 
Table 1: BWP switch delay
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:
Depends on UE capability.

Note 2:
If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.


Proposal 2: only one type shall be defined for MIMO layer adaption delay in case 2.
As discussed above, the MIMO adaption delay can be reduced much for case 2 compared with BWP switching delay. However, considering the BB processing timing is related to interaction between RF and BB module, the timing shall be slot length based. Considering the additional time on RF adjustment, it is proposed to define the switching delay as defined for type 1 BWP switching delay.

Proposal 3: the MIMO layer adaption delay for DCI/timer based BWP switching in case 2 shall be defined as below:
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	NR Slot length (ms)
	BWP switch delay TMIMOswitchDelay (slots)

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	3

	3
	0.125
	6


RRC based BWP switching delay is also specified in TS 38.133 which follow the length of the RRC procedure. Since the switching between BWPs could be RRC based, we need to consider MIMO layer adaption accordingly. Since RRC level BWP switching is related to the RRC processing delay, the MIMO adaption delay with RRC based BWP switching shall comply with the current TS 38.133.

Proposal 4: the MIMO layer adaption delay for RRC based BWP switching in case 2 shall be defined as the corresponding BWP switching delay in TS 38.133.
The interruption time for BWP switching is also defined for the active serving cells other than the switching cell in TS 38.133. Regardless of BWP switching type, the interruption time is defined as X slots which is only allowed to be start within the switching delay, where X is defined as below:

Table 8.2.1.2.7-1: interruption length X
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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. 


For case 2 MIMO layer adaption delay, since PLL is impacted by the antenna switching, there would be interruption time for the other serving cells. It is proposed to define the interruption time as defined in TS 38.133.

Proposal 5: The interruption time for MIMO layer adaption based on BWP switching in case 2 is defined consistently with BWP switching interruption defined in TS 38.133.
3 Conclusion

In this contribution we discussed on the open issues on MIMO layer adaption times, according to the analysis, we have the following proposals:
Observation 1: As approved in the latest WID, RAN4 will have evaluation on the MIMO layer adaption time and interruption based on the RF architecture. No traffic model issue need to be considered.

Observation 2: During RAN1 discussion, different traffic model is evaluated for performance metrics, including power saving gain, package latency and throughput. 

Observation 3: the switching delay will have large impact on the package latency especially on real time service(main service scenario for NR). According to our evaluation, the latency for type 2 switching delay would be about 3%~15% larger than type 1 switching delay.

Observation 4: the switching delay may cause qualitative impact on power saving gain, UEs with big switching delay may always stay in 4 MIMO configuration and no power can be saved.it means 100% power saving gain is loss.

Proposal 1:RAN4 shall evaluate the MIMO layer adaption delay and interruption only based on the RF architecture.
Proposal 2: only one type shall be defined for MIMO layer adaption delay in case 2.
Proposal 3: the MIMO layer adaption delay for DCI/timer based BWP switching in case 2 shall be defined as below:
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	NR Slot length (ms)
	BWP switch delay TMIMOswitchDelay (slots)

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	3

	3
	0.125
	6


Proposal 4: the MIMO layer adaption delay for RRC based BWP switching in case 2 shall be defined as the corresponding BWP switching delay in TS 38.133.
Proposal 5: The interruption time for MIMO layer adaption based on BWP switching in case 2 is defined consistently with BWP switching interruption defined in TS 38.133.
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