3GPP TSG-RAN WG4 Meeting #92
R4-1909098
Ljubljana, Slovenia, August 26- 30, 2019
Source: 
Huawei, HiSilicon
Title: 
On switching time of MIMO layer/antenna number adaption 
Agenda Item:
9.8.2
Document for:
Approval
1 Introduction
WF [1] was approved in RAN4#91 meeting, the switching and interruption time of MIMO layer adaption was discussed based on the BWP switching framework.
During RAN #84 meeting, the WID [2] was approved with the assumption that MIMO layer adaption is configured between initial/default BWP and configured BWPs. Furthermore, RAN4 is planned to evaluate the relationship between the number of RF ports and the MIMO layer configuration.

This paper provides analysis on the switching time of MIMO layer adaption between initial/default BWP and other BWPs, we also provide analysis on the number of antenna adaption for power saving. 
2 Discussion
2.1 MAX MIMO layer configuration
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, and the maximum MIMO layer is configured according to UE capability reported in FeatureSetDownlinkPerCC which is combined with max channel bandwidth, SCS and modulation order. PUSCH max MIMO layer configuration is similar with PDSCH. RRC reconfiguration is needed in Rel-15 if max MIMO layer is required to be changed. The MIMO layer adaption is also indicated in DCI implicitly with DMRS port number, however UE will keep the antennas active with the number as max MIMO layer configuration, since there is no enough time for UE to adjust the antenna number accordingly with DCI. 
In NR Rel-16, the MIMO layer adaption is configured between initial/default BWP and other BWPs. Considering the backward compatibility, max MIMO layer with RRC signalling would be kept and may be used for configuration on other BWPs. And it can provide flexibility on network side to decide whether different configuration for initial BWPs is needed. For the MIMO layer configuration dedicated to the initial/default BWP, it shall be lower or equal to the number of max MIMO layer configuration in PDSCH-ServingCellConfig or PUSCH-ServingCellConfig.
Observation 1: MIMO layer adaption between initial/default BWP and other BWPs shall coexist with max MIMO layer configuration defined in Rel-15.

Observation2: the MIMO layer configuration dedicated to BWP shall be lower or equal to max MIMO layer configured by RRC per serving cell.

2.2 Switching and interruption time for MIMO layer adaption based on BWP switching
In the last RAN4 meeting, MIMO layer switching time was discussed based on BWP switching framework. As specified in TS 38.133, BWP switching time with DCI indicating or timer is defined as two kinds of UE capability based on slot length as below, the switching delay is time from UE received switching request(or immediately after a BWP-inactivity timer expires) to UE can transmit/receive new BWP. It actually comes from the agreement in RF session that type1 with 600us and type2 with 2ms. The switching delay incorporates 3 parts according to the discussion in RF session: PDCCH processing, RF parameter calculating/loading and new RF parameter applying.
Table 8.6.2-1: 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.


RRC based BWP switching delay is also specified in TS 38.133 which follow the length of the RRC procedure. Since the switching between initial/default BWP and other BWPs could be RRC based, we need to consider MIMO layer adaption accordingly. In NR Rel-15, we also discuss the case that the carrier bandwidths configured by network in specificCarrierList which are partially or not overlapped. RRC based BWP switching delay would apply for such case. 
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. 



As agreed in RAN #84, the maximum number of MIMO layers for both uplink and downlink can be configured differently between initial/default BWP and other BWPs. It means a separate maximum number of MIMO layers would be configured for the initial/default BWP, and the other BWPs would share the common MIMO parameters per cell per UE. We can analyse MIMO layer switching delay with 3 parts discussed in DCI based BWP switching before:

· PDCCH processing time would be reused for max MIMO layer adaption
· The RF parameter calculating and loading time would be reused for max MIMO layer adaption

· Since BWP switching delay relates to the central frequency change, the PLL retuning time can sufficiently cover the max MIMO layer adaption time

Thus the switching and interruption time for max MIMO layer adaption between initial/default BWP and other BWPs shall be defined consistently with BWP switching delay for the switching cell and the interruption time for other active serving cells, and the exact requirement shall be correspondence to each BWP switching type.

Proposal 1: The switching and interruption time for max MIMO layer adaption based on BWP switching is defined consistently with BWP switching delay defined in TS 38.133 and the exact value depends on the applied BWP switching type.

The intention for max MIMO layer adaption is to save UE power consumption by switching off the T/Rx chains. Whether UE switch antenna number when specific max MIMO layer configured to the initial/default BWP depends on UE implementation. 
Observation 3: whether antenna number is switched with indication on max MIMO layer based on BWP switching framework is depending on UE implementation.
2.3 Antenna number adaption time within the same active BWP
Max MIMO layer configuration is defined for the PUSCH or PDSCH transmission, UE power can be saved when max MIMO layer adaption used between initial/default BWP and other BWPs. The consumption benefit actually comes from the antenna number adaption, it means UE could close parts of the Tx/Rx chains when the same performance (e.g. BLER) can be reached. 
The antenna number adaption for UE power saving can also be adopted for other physical channel. According to the study in TR38.840, even though the maximum number of MIMO layers is configured for the active BWP, it is feasible to use smaller number of antennas for PDCCH reception especially for UEs in good coverage or in the cell center. For a certain active BWP, UE monitors PDCCH periodically to detect data scheduling or control information, once UE receives the PDCCH with grant DCI on the monitoring occasion, the UE will transit to receiving PDSCH for data transmission timely.
For a certain active BWP, assuming the max MIMO layer is configured with 4(common or dedicated across BWPs). The UE can be configured and be triggered to detect PDCCH with only 2Rx antennas to save UE power. When a DCI with grant is detected, UE turns on the additional two Rx antennas and receives PDSCH and PDCCH with 4Rx antennas. In this way, the transmission delay, i.e., the time delay between PDCCH and scheduled PDSCH, can include an additional time for UE to switch on the RF chains to receive PDSCH. When the UE is operating with 4Rx, the UE can fallback to 2Rx. For example, when it is enabled by gNB configuration or when the coverage is good enough, a timer can be used to trigger the UE to use 2 Rx to monitor PDCCH. If the timer expires, the UE falls back to 2Rx to save power consumption. Once a grant DCI is detected, the timer shall be restarted and the UE starts to use 4Rx for reception again.

For antenna number adaption within an active BWP, there is no need to change the bandwidth, center frequency and SCS, the switching delay for antenna number adaption would be faster than BWP switching. In such case, the DCI with grant can implicitly indicate the antenna number adaption (or timer used to trigger the fall back procedure). The total delay for UE to switch antenna 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. For RF adaption time, 10us as transient period was proposed in [3] 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. According to our evaluation, it will take [40] us to apply the new RF parameter for antenna number adaption.
Proposal 2: the switching time for antenna number adaption within the active BWP in absolute time will be about [240us].
Considering 3 symbols corset, the switching time for antenna number adaption within the active BWP can be defined based on slot length. The switching delay is defined as: the UE receives DCI with grant as antenna adaption request at DL slot n on a serving cell, UE shall be able to receive PDSCH with the new antenna numbers on the beginning of DL slot n+ TAntennaswitchDelay. The TAntennaswitchDelay is proposed to define as in proposal 3.
Proposal 3: the switching delay for antenna number adaption within the active BWP in slot length will be as following:
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	NR Slot length (ms)
	Switching delay for Antenna number adaption (slots)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	3


3 Conclusion

In this contribution we discussed on the open issues on beam correspondence, according to the analysis, we have the following proposals:
Observation 1: MIMO layer adaption between initial/default BWP and other BWPs shall coexist with max MIMO layer configuration defined in Rel-15.

Observation2: the MIMO layer configuration dedicated to BWP shall be lower or equal to max MIMO layer configured by RRC per serving cell.

Proposal 1: The switching time for MIMO layer adaption is defined consistently with BWP switching delay accordingly with the BWP switching type.

Observation 3: whether antenna number is switched with indication on MIMO layer based on BWP switching framework is depending on UE implementation.
Proposal 2: the switching delay for antenna number adaption within the active BWP in absolute time will be about [240us].

Proposal 3: the switching delay for antenna number adaption within the active BWP in slot length will be as following:
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	NR Slot length (ms)
	Switching delay for Antenna number adaption (slots)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	3
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