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Introduction
In RAN1 #113 meeting, the agreements [1] listed in the appendix are achieved for spatial and power domain adaptation. Some evaluation results to show the performance of jointly adaptation in spatial and power domain and the utilized simulation assumption are also attached in the appendix.
In this contribution, we further share our views on the signal and procedure design for spatial domain (SD) and power domain (PD) adaptation.
Discussion
On PD adaptation details for joint operation of SD and PD adaptation
For PD adaptation, two power offsets as below have been discussed. Considering the joint operation of SD and PD adaptation has been agreed, our views are: 
· Power offset between CSI-RS and PDSCH, PO_CSI-RS/PDSCH
The PO_CSI-RS/PDSCH should be supported by both Type-1 and 2 adaptations, as the PDSCH power adaptation can be applied jointly with both types of SD adaptations.
· Power offset between CSI-RS and SS, PO_CSI-RS/SS
In the Type-2 adaptation, the CSI-RS power may be passively changed by the number of the spatial elements to virtualize a CSI-RS port. It is not reasonable to mandate the gNB dynamically adjust the Tx power per symbol to maintain the same CSI-RS power in the adaptation, especially when the number of PAs of TxRU is sharply reduced for a CSI-RS port. Thus, PO_CSI-RS/SS should be supported at least for Type-2 adaptation for easier and smoother gNB implementation.
Proposal 1: Two power offsets (CSI-RS/PDSCH and CSI-RS/SS) should both be supported. 
· CSI-RS/PDSCH power offset should be supported by both Type-1 and 2 adaptations. 
· CSI-RS/SS power offset should be supported at least by Type-2 adaptation for easier and smoother gNB implementation.

Regarding power offsets configuration details, i.e., they should be configured in CSI report configuration or sub-configurations, our views are:
· For Type-1 adaptation,
· As the number of the CSI-RS resource ports and PDSCH power can be jointly adapted, CSI-RS/PDSCH power offset should be configured in each sub-configuration.
· For CSI-RS/SS power offset, it can either be configured in NZP-CSI-RS-Resource of CSI report configuration or in each sub-configuration.
· For Type-2 adaptation,
· CSI-RS/PDSCH power offset should be configured in each sub-configuration for joint SD and PD adaptation.
· CSI-RS/SS power offset should be configured in each sub-configuration, even when network only configures for SD adaptation, as each adaptation pattern configured by each sub-configuration may have different number of TxRUs to form a port.
Therefore, we propose that,
Proposal 2: For a more uniformed design, to support both power offsets (CSI-RS/PDSCH and CSI-RS/SS) in the sub-configurations for Type 1 and 2 adaptations.
· For more optimized signaling design, it may have less impact to keep the legacy configuration in NZP-CSI-RS-Resource of CSI report configuration and add additional offsets in each sub-configuration. We are open for either way.

On CPU occupancy calculation and CSI port counting
From the previous meeting agreements, it is still not settled that, for P-CSI-RS/SP-CSI-RS of for A-CSI and SP-CSI, whether the CPU and CSI resource counting is based on N or L sub-configurations.
For A-CSI and the first CSI report of SP-CSI after triggering, UE may possibly utilize all the CSI-RS resource of all L sub-configurations for measurement, if it starts to buffer and process the CSI-RS before the triggering, as some short-term averaging is possible for stable and accurate CSI calculation. Thus, it is reasonable to count CPU and CSI resource based on all L sub-config. Also, considering the DCI triggering and selecting N out of L CSI sub-configurations for SP-CSI can be rather dynamic, it is also reasonable for UE to process CSI-RS resource of all the L sub-config beforehand, even for the SP-CSI after the first report.
Therefore, we propose that,
Proposal 3: For P-CSI-RS/SP-CSI-RS of for A-CSI and SP-CSI, the CPU and CSI resource counting is based on L sub-configurations.

On CSI priority, mapping order and dropping/omitting rule
When UE is configured at least one CSI report configuration with multiple sub-configurations, we see the need to re-define the CSI priorities, taking the current definition in the specification as starting point. Because each CSI report from a sub-configuration should be granted with a priority. The priority formulation in Section 5.2.5 of TS 38.214 should be updated to accommodate both below:
· The priority of the CSI report without any sub-configurations.
· The priority of each CSI report from a sub-configuration. The sub-configuration index can be used for the calculation. Then gNB may decide which CSI should be prioritized and then configure accordingly through the indices of CSI configuration (as legacy way) and sub-configuration.
Proposal 4: The priority formulation in Section 5.2.5 of TS 38.214 should be updated to accommodate both below:
· The priority of the CSI report without any sub-configurations.
· The priority of each CSI report from a sub-configuration. The sub-configuration index can be used for the calculation.
Regarding the CSI dropping/omission, two possible options were discussed in the previous meeting FLS. One is in a whole CSI report configuration level and the other one is in sub-configuration level. We prefer the later approach, as it keeps maximum CSI to report to gNB and current dropping/omitting rule can be directly reused without additional specification impact in both case:
· When PUSCH/PUCCH resource is limited, which is controlled by the maximum coding rate. 
· When CPU occupation is limited. 
Based on the defined CSI priorities for all the CSIs, CSI of w/ and w/o sub-config can be mapped in the UCI bit sequence. Then, all the CSI qualities in each CSI of a sub-config is treated and mapped in the same way as a legacy CSI.
In this way, if PUCCH/PUSCH resource is not sufficient, in terms of the maximum coding rate does not allow to carry all the UCI bits, CSI in a more dedicated sub-config level can be omitted. This may avoid the whole CSI with multiple sub-config are dropped, which potentially allows UE to feedback as much CSI as possible.
Proposal 5: The CSI mapping order, dropping/omission rule should follow the legacy principle, utilize the newly defined priority, and apply to CSI report in sub-configuration level. 

On TCI enhancement
In the previous meeting, the below agreement was achieved for TCI enhancement.
	Agreement
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement



Although this WI does not assume any operation of SSB beam adaptation, CSI-RS based beam adaptation is still within the scope, i.e., Type 1 adaptation can be applied for CSI-RS based beam ON/OFF and Type 2 adaptation can be applied for CSI-RS based beam characteristic adaptation, e.g. narrow/wide beam with higher/lower power adaptation. Therefore, we think both types of adaptation have impact to the TCI framework and beam management procedure, e.g., whether/how the TCI states are adapted with the trigger spatial adaptation patterns.
For down-selection among Case 1/2/3,
· For beam failure detection, the PD adaptation of CSI-RS, especially for Type 2, should not change or compromise the threshold, as the threshold is by itself a metric from the network deployment planning and optimization. Also, SSB can still be used without any adaptation. So, we do not support Case 1.
· During network SD and PD adaptation, L1-RSRP/SINR may still be reported based on CRI and SSB. SSB based BFD and RLF detection still work without being impacted. Hypothetical BF or RLF may not be essential, although we understand it is similar principle with hypothetical CSI report with power offset. So, we do not see Case 2 is necessary.
· Therefore, based on above discussion, we prefer Case 3 that no further work on BM enhancements
For down-selection among Method 1/2/3,
· When gNB performs the SD and PD adaptation, a superset of CSI-RS resource for CSI measurement should not be dynamically changed. For Type-1, a full or subset of the CSI-RS ports of the configured CSI-RS resource is used. For Type-2, no port will be switched OFF but the port/beam characteristic is changed. In this sense, we do not see the CSI-RS resource need to be adapted so Method-1 is not necessary. On the other hand, it is noted that the adaptation of the CSI-RS resource in this context would be different from the CSI enhancement which involves sub-configurations within CSI report configuration and DCI to select N out of L sub-configurations.
· When certain beams are turned OFF, the associated TCI states can be deactivated. When beam characteristic of a beam is changed, the reference TCI states can be retuned to a closer SSB beam. In this sense, Method-2 is sufficient for such adaptation. Also, the TCI state L2 activation/deactivation and L1 indication framework is already supported in the current specification. The additional impact can be less.
· Therefore, from the above analysis, we prefer Method 2.
Proposal 6: For BM and TCI enhancements, we support Case 3 and Method 2.

On CSI distribution in multiple occasions
Compared with CSI reduction for the CSIs of all sub-configurations reported in a single occasion, to spread into multiple occasions is more practical and has less specification impact.
In the sub-configurations, either same or different report time occasion can be configured individually, such that all the below three possible reporting behaviour can be supported, based on the gNB configuration:
· CSIs of all the multiple sub-configurations are reported within an occasion.
· CSI of each sub-config is reported in one occasion so that all the CSIs are spread in different occasions
· In each reporting occasion, CSIs of multiple sub-configurations are reported. Multiple occasions are used to report the CSIs of all the sub-configurations of a CSI report configuration.
In this way, gNB may decide which to use depending on the UE capability, CSI processing occupation and it is more flexible for gNB to control the resource allocation without having to let UE drop/omitting some of the CSIs.
Proposal 7: For the CSIs of sub-configurations, CSI distribution in multiple occasions should be considered for more flexible network operation and relaxed UE processing complexity/capacity.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Two power offsets (CSI-RS/PDSCH and CSI-RS/SS) should both be supported. 
· CSI-RS/PDSCH power offset should be supported by both Type-1 and 2 adaptations. 
· CSI-RS/SS power offset should be supported at least by Type-2 adaptation for easier and smoother gNB implementation.
Proposal 2: For a more uniformed design, to support both power offsets (CSI-RS/PDSCH and CSI-RS/SS) in the sub-configurations for Type 1 and 2 adaptations.
· For more optimized signaling design, it may have less impact to keep the legacy configuration in NZP-CSI-RS-Resource of CSI report configuration and add additional offsets in each sub-configuration. We are open for either way.
Proposal 3: For P-CSI-RS/SP-CSI-RS of for A-CSI and SP-CSI, the CPU and CSI resource counting is based on L sub-configurations.
Proposal 4: The priority formulation in Section 5.2.5 of TS 38.214 should be updated to accommodate both below:
· The priority of the CSI report without any sub-configurations.
· The priority of each CSI report from a sub-configuration. The sub-configuration index can be used for the calculation.
Proposal 5: The CSI mapping order, dropping/omission rule should follow the legacy principle, utilize the newly defined priority, and apply to CSI report in sub-configuration level. 
Proposal 6: For BM and TCI enhancements, we support Case 3 and Method 2.
Proposal 7: For the CSIs of sub-configurations, CSI distribution in multiple occasions should be considered for more flexible network operation and relaxed UE processing complexity/capacity.
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Appendix
Agreements from RAN1#113 meeting:
Agreement
Confirm the working assumption with the following update (in red)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.



Agreement
For a CSI report configuration with L>1, for Type 1 SD, at least when A1-2-revised is used for the associated codebook configuration, 
· Only common codebook type for PMI across sub-configurations is supported
· Codebook type-1 for PMI is supported



Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering



Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.



Agreement
For Type 1 adaptation, for each sub-configuration,
· Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· FFS: One bit per panel for multi-panel case (i.e. turning off in panel level)
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array



Agreement
For Type 1 adaptation, for each sub-configuration, for multi-panel case,
· One bit per port based on bitmap is supported 
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array for each of the activated panel(s). Additionally, if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)




Agreement
For both spatial domain NES, when UE reports CSIs corresponding to one or more sub-configurations provided in a CSI report configuration, 
· At least support baseline: Report CSI for each indicated sub-configuration, according to reportQuantity configuration
· FFS: details on how to map CSI(s) in a CSI report
· Further enhancement on CSI payload reduction is not precluded






Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214



Agreement
For the sub-configuration(s) in a CSI report configuration with L>1, 
· for Type 1 SD with A1-2-revised, the following is configured in each sub-configuration
· codebook subset restriction, 
· rank restriction
· N1, N2 and Ng 
· FFS: the case when the number of ports is less than 4
· for Type 2 SD adaptation with A1-1-revised, for each sub-configuration
· a list of CSI-RS resource ID
· FFS: codebookConfig (including codebookSubsetRestriction/ ri-Restriction)
· FFS: CQI table indication
· FFS: reportFreqConfiguration
· FFS: report quantity
Above is agreed in addition to what was agreed in previous RAN1 agreements

Agreement
Joint operation of SD and PD adaptation is supported.




Agreement
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement




Agreement
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· FFS: Details on active CSI-RS resource / port counting




Evaluations results of spatial and power domain joint adaptation
Table.1 shows evaluation results of spatial and power domain joint adaptation. The simulation assumptions are in Table.2, 3 and 4, which is based on [2].
Table.1 Evaluation of the network energy saving gain of power and spatial domain adaptation
	Simulated cases of power and antenna domain adaptation
	load
	Energy saving gain [%]
	UPT loss [%]
	Latency increase [%]

	
	
	category 1
	category 2
	Average
	50%
	Average
	50%

	Tx power 0 dB offset, Tx/Rx 8*2
	8.13
	0.00 
	0.00 
	0.00
	0.00
	0,0 
	0.00

	Tx power 0 dB offset, Tx/Rx 4*2
	10.35
	5.37 
	6.16 
	16.79
	20.62
	22,4 
	7.34

	Tx power 0 dB offset, Tx/Rx 2*2
	13.61
	12.36 
	13.44 
	31.41
	34.01
	45,5 
	20.73

	Tx power -3 dB offset, Tx/Rx 8*2
	9.95
	3.13 
	3.43 
	7.10
	9.94
	14,8 
	0.67

	Tx power -3 dB offset, Tx/Rx 4*2
	12.51
	8.78 
	9.74 
	24.06
	27.60
	34,7 
	14.20

	Tx power -3 dB offset, Tx/Rx 2*2
	16.15
	17.15 
	18.27 
	38.25
	40.02
	63,9 
	33.85

	Tx power -6 dB offset, Tx/Rx 8*2
	11.76
	5.65 
	6.05 
	16.53
	22.57
	26,9 
	6.93

	Tx power -6 dB offset, Tx/Rx 4*2
	15.33
	12.92 
	13.77 
	31.47
	33.68
	47,5 
	20.32

	Tx power -6 dB offset, Tx/Rx 2*2
	19.2
	22.59 
	23.59 
	45.22
	46.20
	75,3 
	40.58




Table.2 Basic SLS simulation assumption
	Set 2 FR1

	Duplex
	FDD

	System BW
	20 MHz

	SCS
	15 kHz

	Number of TRP
	1

	Total number of DL TX RUs
	8, 4, 2

	Total DL power level
	43, 46, 49 dBm

	Total number of UL Rx RUs
	2



Table.3 Other more detailed parameters of simulation assumption
	Parameters based on Set 2 with some change


	Channel model
	3D-Uma as in TR 38.901 (low-loss O2I penetration model)

	Percentage of high loss and low loss building type
	100% low loss

	Device deployment
	80% indoor, 20% outdoor

	Inter-site distance
	500m

	Network Topology
	7*3 Sector

	Carrier Frequency
	2.1GHz

	Multiple access
	OFDMA

	Duplexing
	FDD

	Numerology
	15KHz,
14 OFDM symbol slot

	Guard band ratio on simulation bandwidth
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)

	UT attachment
	Based on RSRP

	Wrapping around method
	Geographical distance based wrapping

	Traffic model
	Follow previous RAN1 agreements

	BS antenna height
	25 m

	BS noise figure
	5 dB

	BS antenna element gain
	14 dBi

	UE noise figure
	9 dB

	UE antenna element gain
	0 dBi

	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

	Modulation
	Up to 64 QAM

	Transmission scheme
	SU-MIMO

	SU dimension
	For 4Rx: Up to 4 layers

	DL CSI measurement
	Non-precoded CSI-RS  based

	DL codebook
	Type I codebook

	CSI feedback
	Delay: 3slot

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Ideal

	HARQ scheme
	Ideal

	Max HARQ retransmission
	3

	Target BLER
	10% of first transmission



Table.4 Traffic model used in the simulation
	Traffic type
	FTP 

	Model
	FTP model 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200 ms
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