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Introduction
In RAN#98e plenary meeting, the WID for Rel.18 Network (NW) energy saving has been approved [1]. According to this WID, one of the objectives is to specify NW energy saving techniques in spatial and power domain.
	3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements



In this contribution, we share some considerations about necessary enhancements on CSI related procedures for specifying spatial and power domain NW energy saving techniques. 

Discussion
[bookmark: _Ref228947482]As concluded in TR 38.864, adaptation of spatial elements is recommended as one of the NW power saving techniques in spatial domain [2]. Meanwhile, in power domain, it was concluded that adaptation of PDSCH transmission power is beneficial for NW energy savings. Therefore, adaptation of spatial elements and adaptation of PDSCH transmission power are going to be supported in Release 18 from the aspect of standardization. In the following sections, we will provide our views on the necessary CSI related procedure enhancements to specify these two techniques.

Adaptation of spatial elements
Adaptation of spatial elements can help to reduce the power consumption of network equipment as what we discussed and concluded in the SI phase. 
To support this feature, we must find proper solutions to the following issues:
· Issue 1: How to make the transition of the adaptation smooth enough so that the communication between the gNB and the UEs would not be interrupted. Accordingly, the QoS of the services being provided by the gNB to the UEs can be guaranteed as well.
· Issue 2: How to enhance CSI related procedure with the guarantee that the complexity/control overhead required for this feature is acceptable and the UE power consumption for CSI report does not obviously increase.
Basic assumptions for CSI related enhancement 
Before sharing our consideration on the solutions to the above two issues, we think that some basic assumptions should be discussed first. If these assumptions can be clarified and some common sense can be achieved accordingly, the discussion on the solutions to address the above two issues, i.e., how to enhance CSI related procedure, can be simplified and more concentrated.
The number of schemes for switching on/off spatial elements
Separate power supplies are required if spatial elements are designed to be switched on/off separately. In short, separate switching requires separate power supplies. 
Arbitrary turning on/off spatial elements seems unnecessary. It requires so many power supplies. The more power supplies, the higher the cost required for design, manufacturing, and testing. Moreover, the energy saving gain from an arbitrary switching on/off can be marginal compared with the gain from the limited schemes.
Therefore, the number of the schemes of switching spatial elements on/off should be limited. It can balance the energy saving gain and the required cost. In Figure 1, an example with (N1, N2) = (4,4) is given. Here it is assumed that 4 power supplies are installed in the antenna panel. Accordingly, the spatial element switching schemes are limited as shown in Figure 1(b), i.e., 6.


(a)


(b)
Figure 1. Example of limited switching schemes with limited power supplies for spatial element adaptation 

Observation 1.
· The number of the schemes to switch spatial elements on/off should be limited to balance the energy saving gain and the cost/complexity additionally required for energy saving mode of network equipment.
· The limited number of the schemes to switch spatial elements on/off is helpful in reducing the additional overhead required to support spatial element adaptation.
Proposal 1. Discuss reasonable switching schemes of spatial elements.

Types of spatial element adaptation
As discussed in the SI phase, depending on the NW implementation and the mapping manner between antenna ports and TxRUs, adaptation of spatial elements can be categorized into two types as shown in Figure 2.
· Type I: As shown in Figure 2(a), the switching on/off is per antenna port. Once an antenna port is turned on/off, all the TxRUs associated to the antenna port are turned on/off accordingly. In this case, the adaptation of spatial elements is equivalent to the adaptation of antenna ports. The number of antenna ports may change when spatial elements are adapted.
· Type II: As shown in Figure 2(b), the switching on/off can be per TxRU. For example, in an adaptation operation, an antenna port can keep being on, but a part of TxRUs associated to the antenna port are turned off. In this case, the number of antenna ports does not change when spatial elements are adapted. 
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(a). Type I spatial elements adaptation
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(b). Type II spatial elements adaptation


Figure 2. Two types of spatial elements adaptations

Proposal 2. Confirm that the following two types of spatial element adaptation are both supported and considered in the specification on CSI related enhancements for R18 NW energy saving:
· Type I spatial element adaptation: all the TxRUs associated to an antenna port are turned on/off. The switching on/off of spatial elements is per antenna port. 
· Type II spatial element adaptation: part of TxRUs associated to an antenna port are turned on/off. The switching on/off of spatial elements can be per TxRU. 
The reason we discuss the types of spatial element adaptation here is that it may affect the relationship between the CSIs before and after the spatial element adaptation. The channel in ‘CSI’ which we often discuss in 3GPP is the equivalent channel that the baseband signal experience. The downlink equivalent channel is from the baseband filter at the transmitter/ gNB to the baseband filter at receiver/the UE. In other words, spatial elements are all involved in the equivalent channel. The change of spatial elements may change the CSI.
If type I spatial elements adaptation is adopted, the CSI-RS resource configuration needs to be changed due to the change of antenna ports. In this case, the required enhancements are as follows:
· How to indicate/update the CSI-RS resource configuration for antenna port adaptation
· How to indicate/update the CSI report configuration for antenna port adaptation
If type II spatial elements adaptation is adopted, the CSI-RS resource may be unchanged, but the channels experienced by the UEs’ DL signals before and after the adaptation may completely get different. It is because the mapping manner between logical antenna ports and TxRUs is changed as shown in Figure 2(b). Hence, to support type II adaptation, the required enhancements are as follows:
· How to indicate/update the CSI report configuration for channel change due to TxRU adaptation.
Observation 2. 
· If type I adaptation is adopted, the following enhancements are needed:
· How to indicate/update the CSIRS resource configuration for antenna port adaptation
· How to indicate/update the CSI report configuration for antenna port adaptation
· If type II adaptation is adopted, the following enhancements are needed:
· How to indicate/update the CSI report configuration for channel change due to TxRU adaptation
In terms of energy saving gain, there is no obvious difference between type I spatial element adaptation and type II spatial element adaptation. The vendors can adopt one of them based on the original RF/IF structure in their products. We don’t see the need that a network equipment supports both types. Such kind of flexibility is unlikely to provide any additional energy saving gain.
Hence, we believe that the discussion on the support of type I spatial element adaptation and type II spatial element adaptation can somehow be organized separately. In this way, we can use the minimum standardization effort/additional signaling overhead to support either of them. The signaling/mechanism design can be simplified by considering the characteristics of type I spatial element adaptation and type II spatial element adaptation, respectively.
Observation 3. 
· There is no obvious difference between type I spatial element adaptation and type II spatial element adaptation in terms of energy saving gain.
· Network vendors/operators can adopt one of them based on the original RF/IF structure in their network equipment.
· The signaling/mechanism design can be simplified by considering the characteristics of type I spatial element adaptation and type II spatial element adaptation, respectively.
Proposal 3. The CSI related enhancement for the support of type I spatial element adaptation and type II spatial element adaptation are considered/discussed separately, if necessary.

Necessary enhancements for CSI-RS resource configuration
As discussed previously, enhancements on CSI-RS resource configuration are necessary when Type I spatial elements adaptation is adopted. If the switching schemes of spatial elements are limited, e.g., as shown in Figure 1, the CSI-RS resource configurations before and after the spatial element adaptation can be nested. At the very beginning, the gNB can configure the CSI-RS resource with all the ports the UEs need by using the existing mechanism. Then, when the adaptation is needed or happens, the gNB can simply indicate which part of the CSI-RS ports is turned off/on. The UEs can derive the new CSI-RS resource configuration accordingly. In this way, the CSI-RS resource configuration for spatial element adaptation can be simple. Only a small amount of information needs to be delivered from the gNB to the UEs.
Observation 4. 
· The CSI-RS resource before and after the spatial element adaptation can be nested, e.g., if type I spatial element adaptation is adopted.
· The CSI-RS resource configuration can be very simple if the feature is utilized that the CSI-RS resources before and after the spatial element adaptation are nested.
Proposal 4: Support the feature that the CSI-RS resources before and after the spatial element adaptation are nested, at least for the type I spatial element adaptation, i.e., once an antenna port is turned on/off all the TxRUs associated to that antenna port are turned on/off accordingly.
Necessary enhancements for CSI reporting
Single CSI feedback and multiple CSI feedback
(1) Single CSI feedback 
In this approach, UEs make new CSI measurements and report after adapting the spatial elements. Figure 3 shows an example of the single CSI feedback for Type I spatial element adaptation. In this example, the gNB determines to shut down some TxRUs based on the traffic load. Then, the number of antenna ports reduce from 32 to 16. The gNB informs the UE about updated CSI-RS antenna ports and transmits CSI-RS with 16 ports to obtain CSI report corresponding to current channel state. For type II spatial element adaptation, the gNB informs the UE(s) to report new CSI after TxRU adaptation without updating the CSI-RS resource configuration regarding antenna ports.
The single CSI feedback provides a low overhead approach for CSI tracking. On the other hand, as the gNB needs to receive the updated CSI reports to determine the most appropriate DL transmission parameters (e.g., MCS, precoder), this approach has the disadvantage that the gNB may need to postpone DL transmission after receiving new CSI reports or schedule DL transmission with the parameters quite conservative.
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Figure 3. An example of single CSI feedback for the case of Type I adaptation

(2) Multiple CSIs feedback
In this approach, UEs feedback multiple CSI-RS measurement results corresponding to different TxRU shutdown patterns. An example is shown in Figure 4. In this example, the CSI-RSs and CSI reports corresponding to different number of antenna ports are transmitted in a semi-static manner. The base station determines whether to adapt spatial elements based on these CSI reports and the traffic load. 
Comparing with the single CSI feedback counterpart, the advantage of this approach is that gNB can perform DL transmission with proper parameters immediately after adaptation, where the MCS and precoder for DL transmission is determined based on the CSI report received before spatial element adaptation. On the other hand, the drawback is the overhead of CSI-RS transmission and CSI reporting is quite high which can be times of that of single CSI feedback approach. Furthermore, as illustrated in Figure 4, to transmit CSI-RSs corresponding to different TxRU shutdown patterns, the gNB must frequently switch the TxRUs on and off. Therefore, the multiple CSIs feedback approach is suitable for the case where the overhead of multiple CSIs is reasonable with a small number of TxRU shutdown patterns. When the overhead of multiple CSIs becomes extremely high with a large number of TxRU shutdown patterns, the single CSI feedback approach is more suitable.
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Figure 4. An example of multiple CSIs feedback for the case of Type I adaptation

Observation 5. To achieve CSI tracking of the dynamic varying channel due to dynamic spatial element adaptation, there are two possible approaches.
· Single CSI feedback approach provides a CSI tracking solution without increasing the overhead of CSI reporting. It is suitable for the case where the overhead of multiple CSIs is extremely high with a large number of TxRU shutdown patterns.
· Multiple CSIs feedback enables the base station to perform DL transmission of proper parameters immediately after spatial elements adaptation, at the expense of high overhead of CSI reporting and more frequent TxRU on/off operations. It is suitable for the case where the number of TxRU shutdown patterns is small.
Proposal 5. Both single CSI feedback and multiple CSIs feedback are considered when dynamic spatial elements adaptation is adopted.
Necessary enhancement for CSI feedback
For single CSI feedback in the case of Type I spatial elements adaptation, updating CSI-RS resource in terms of antenna ports is required. In the case of Type II spatial elements adaptation, updating CSI report is required so that UEs can report CSI only based on the CSI-RS transmitted after adaptation. Thus, the key point for the necessary enhancement(s) is how to inform the UEs that CSI-RS port/report is changed corresponding to spatial elements adaptation. There are two possible alternatives. 
· Alt 1: Send UEs an RRC configuration to reconfigure the CSI-RS resource or to update the CSI report, the UEs change the CSI-RS resource/report following the existing timing for applying RRC configuration.
· Alt 2: Introduce a timer for UEs to change/switch the configurations for the CSI-RS resource or to update the CSI report. The UEs apply the CSI-RS resource/report reconfiguration/update according to the timer.
· Alt 3: Introduce a L1 signaling, perhaps a group common L1 signaling, to indicate the UEs to apply the CSI-RS resource/report update.
Alt 1 is a very straight forward methods which also has the minimum specification impact. If the spatial elements are adapted semi-statically, this alternative is a good choice.
Alt 2 saves the signaling overhead for reconfiguring / updating, but with limited flexibility. For type II spatial elements adaptation, since the gNB only needs to inform the UEs about the timing to update CSI reports, Alt2 is the best solution in the case of semi-static updating. For type I spatial elements adaptation, on the other hand, the gNB needs to send the information of active antenna ports to the UEs. Unless the gNB adapts antenna ports according to a predefined rule known to the UEs, Alt 2 cannot be applied.
For dynamic spatial elements adaptation, however, Alt 1 and Alt 2 cannot meet the requirement of dynamic update. according to the discussion we made in SI phase, Alt 3, i.e., group common L1 signaling to indicate the update of CSI-RS resource/report, is necessary. The reason L1 signaling is needed is for timely updating periodic CSI report or MAC-CE activated SP CSI report. The reason for group common dynamic signaling is to save signaling overhead. Whenever the gNB applies the spatial elements adaptation, all active UEs served by the gNB have to adjust/change their CSI report behavior accordingly. If the UE-specific signaling, such as the existing signaling for activating SP CSI report or triggering AP CSI report, is adopted, the signaling overhead to trigger the UEs’ CSI report behavior change will become significant. On the other hand, if a group-common L1 signaling is adopted above problems can obviously be alleviated.
For the multiple CSIs feedback approach, it can be enabled by the legacy CSI reporting framework by configuring UEs with multiple CSI report configurations, each associated with a CSI-RS resource configuration. eEven in this case, the enhancement is still required. This is also due to signaling overhead. For example, for DCI-activated SP CSI reporting, a DCI can only activate one CSI report configuration. The more CSI report configurations, the more DCIs are required. The enhancement to enable multiple SP CSI report activation with a single L1 signaling should be supported. Besides, similar to the discussion above for the single CSI feedback approach, group-common signaling can still be considered for the multiple CSIs feedback approach to further reduce the signaling overhead.
Proposal 6. To enable dynamic spatial elements adaptation with single CSI feedback approach, the following enhancements should be considered.
· Group common L1 signaling to update of CSI-RS antenna port configuration for Type I spatial elements adaptation where the antenna ports are adapted.
· Group-common L1 signaling to inform UE to make new CSI measurement and report for Type II spatial elements adaptation where the number of antenna ports is not changed.
Proposal 7. To enable dynamic spatial elements adaptation with multiple CSIs feedback approach, the enhancement to enable multiple SP CSI reporting activation by a single L1 signaling needs to be considered for the sake of signaling efficiency.
· Group common signaling can be considered for further reducing signaling overhead.
Necessary enhancements for CSI-RS based RLM and RRM 
Another issue needs to be considered for spatial elements adaptation is that it may also have impact on 1-port CSI-RS transmission.  When TxRU(s) are reduced, corresponding PA(s) and antenna elements are turned off which may lead to CSI-RS transmission power backoff. Eventually, it may lead to false alarm of beam failure and radio link failure, as well as unnecessary event-triggered measurement report, which increases the signaling overhead for UL reporting. Thus, enhancement on RLM and RRM measurement based on CSI-RS should considered. For example, group-common signaling can be considered to inform UE about transmission power update caused by the spatial elements adaptation.
Proposal 8. Enhancements on RLM and RRM measurement on CSI-RS are necessary considering the potential transmission power fluctuation of 1-port CSI-RS due to adaptation of spatial element.

Adaptation of PDSCH transmission power
In current specification, the gNB can indicate the power offset between PDSCH and NZP CSI-RS by RRC parameter powerControlOffset, which is a parameter of NZP CSI-RS resource configuration. UEs calculate CSIs by taking the configured offsets into account. Thus, when the transmission power of PDSCH is adjusted dynamically, power offset between CSI-RS and PDSCH should be changed accordingly. Similar to spatial elements adaption case, both single CSI feedback considering the current power offset and multiple CSIs feedback corresponding to different power offset patterns can be considered. They are applicable in different scenarios based on the number of power offset patterns. 
For single CSI feedback, the necessary enhancement(s) is to enable dynamic update of power offset configuration between CSI-RS and PDSCH. With a similar motivation as explained in section 2.1.3.2, group common L1 signaling can be considered to dynamically update the power offset configuration.
For multiple CSIs feedback, considering the signalling efficiency, the necessary enhancement is to enable activation of multiple SP CSI reports corresponding to different power offset patterns.

Proposal 9. Both single CSI feedback and multiple CSIs feedback can be considered for CSI tracking when dynamic adaptation of PDSCH transmission power is adopted.
Proposal 10. To enable dynamic PDSCH transmission power adaptation with single CSI feedback approach, group common L1 signaling to update of power offset between CSI-RS and PDSCH should be considered.
Proposal 11. To enable dynamic PDSCH transmission power adaptation with multiple CSIs feedback approach, the enhancement to enable multiple SP CSI reporting activation needs to be considered for the sake of signaling efficiency.

Conclusions
In this contribution, we discussed the potential enhancement on CSI related procedures. The following observations and proposals were provided.
Observation 1.
· The number of the schemes to switch spatial elements on/off should be limited to balance the energy saving gain and the cost/complexity additionally required for energy saving mode of network equipment.
· The limited number of the schemes to switch spatial elements on/off is helpful in reducing the additional overhead required to support spatial element adaptation.
Observation 2. 
· If type I adaptation is adopted, the following enhancements are needed:
· How to indicate/update the CSIRS resource configuration for antenna port adaptation
· How to indicate/update the CSI report configuration for antenna port adaptation
· If type II adaptation is adopted, the following enhancements are needed:
· How to indicate/update the CSI report configuration for channel change due to TxRU adaptation
Observation 3. 
· There is no obvious difference between type I spatial element adaptation and type II spatial element adaptation in terms of energy saving gain.
· Network vendors/operators can adopt one of them based on the original RF/IF structure in their network equipment.
· The signaling/mechanism design can be simplified by considering the characteristics of type I spatial element adaptation and type II spatial element adaptation, respectively.
Observation 4. 
· The CSI-RS resource before and after the spatial element adaptation can be nested, e.g., if type I spatial element adaptation is adopted.
· The CSI-RS resource configuration can be very simple if the feature is utilized that the CSI-RS resources before and after the spatial element adaptation are nested.
Observation 5. To achieve CSI tracking of the dynamic varying channel due to dynamic spatial element adaptation, there are two possible approaches.
· Single CSI feedback approach provides a CSI tracking solution without increasing the overhead of CSI reporting. It is suitable for the case where the overhead of multiple CSIs is extremely high with a large number of TxRU shutdown patterns.
· Multiple CSIs feedback enables the base station to perform DL transmission of proper parameters immediately after spatial elements adaptation, at the expense of high overhead of CSI reporting and more frequent TxRU on/off operations. It is suitable for the case where the number of TxRU shutdown patterns is small.
Proposal 1. Discuss reasonable switching schemes of spatial elements.
Proposal 2. Confirm that the following two types of spatial element adaptation are both supported and considered in the specification on CSI related enhancements for R18 NW energy saving:
· Type I spatial element adaptation: all the TxRUs associated to an antenna port are turned on/off. The switching on/off of spatial elements is per antenna port. 
· Type II spatial element adaptation: part of TxRUs associated to an antenna port are turned on/off. The switching on/off of spatial elements can be per TxRU. 
Proposal 3. The CSI related enhancement for the support of type I spatial element adaptation and type II spatial element adaptation are considered/discussed separately, if necessary.
Proposal 4: Support the feature that the CSI-RS resources before and after the spatial element adaptation are nested, at least for the type I spatial element adaptation, i.e., once an antenna port is turned on/off all the TxRUs associated to that antenna port are turned on/off accordingly.
Proposal 5. Both single CSI feedback and multiple CSIs feedback are considered when dynamic spatial elements adaptation is adopted.
Proposal 6. To enable dynamic spatial elements adaptation with single CSI feedback approach, the following enhancements should be considered.
· Group common L1 signaling to update of CSI-RS antenna port configuration for Type I spatial elements adaptation where the antenna ports are adapted.
· Group-common L1 signaling to inform UE to make new CSI measurement and report for Type II spatial elements adaptation where the number of antenna ports is not changed.
Proposal 7. To enable dynamic spatial elements adaptation with multiple CSIs feedback approach, the enhancement to enable multiple SP CSI reporting activation by a single L1 signaling needs to be considered for the sake of signaling efficiency.
· Group common signaling can be considered for further reducing signaling overhead.
Proposal 8. Enhancements on RLM and RRM measurement on CSI-RS are necessary considering the potential transmission power fluctuation of 1-port CSI-RS due to adaptation of spatial element.
Proposal 9. Both single CSI feedback and multiple CSIs feedback can be considered for CSI tracking when dynamic adaptation of PDSCH transmission power is adopted.
Proposal 10. To enable dynamic PDSCH transmission power adaptation with single CSI feedback approach, group common L1 signaling to update of power offset between CSI-RS and PDSCH should be considered.
Proposal 11. To enable dynamic PDSCH transmission power adaptation with multiple CSIs feedback approach, the enhancement to enable multiple SP CSI reporting activation needs to be considered for the sake of signaling efficiency.
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