
Page 1

3GPP TSG-RAN WG4 Meeting #106bis-e		R4- 2304229
E-meeting, 17th – 26th April, 2023

[bookmark: Source]Agenda item:	5.35.3
Source:	Intel Corporation
Title:	NR network energy saving RRM aspects
[bookmark: DocumentFor]Document for:	Discussion
Introduction
Following the SI of NR network energy saving, a WI is approved in RANP#98-e in Dec. 2022. The WID can be seen in [1]. The objectives are copied in the below box.
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
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

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]


In this paper we provide our initial views on RRM aspects that are related to the discussions within WI scope.
Discussion
SSB-less SCell in inter-band CA
The FR1 SCell activation requirements for SSB-less target intra-band SCell which is contiguous in frequency with the PCell were at first introduced in the Rel-15 specification. The idea is that the UE is supposed to use the information on the PCell to derive needed information in order to activate the intra-band contiguous target SCell. Indeed, there are prerequisite conditions to be met to facilitate the applicability of the requirements.
	If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms for UE supporting scellWithoutSSB, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band.


In the network energy saving work item, we have the below objective,
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]


This is to extend the activation requirements of SSB-less SCell to also support inter-band CA. It is natural that the idea of this objective is the same as in the previous spec about intra-band contiguous CA: the UE is supposed to make use of reference signals transmitted in another carrier to derive needed info on the target SCell without SSB transmitted. 
In order to extend the applicability to inter-band CA, we need to examine all the prerequisite conditions to see if there is need to modify or apply without change.
Reference timing difference
For intra-band contiguous cases, it is required that the reference timing difference is less than 260ns between the two intra-band contiguous cells. But in inter-band CA cases, it is difficult to have RTD between two cells less than 3us, even when they are collocated deployed. 260ns cannot be easily achieved when the frequency separation between the carriers are large. This can be seen in the MRTD and MTTD requirements specified for the inter-band CA deployments. Please see the below copy of the MRTD requirements specified in TS 38.133 where 33us considers 3us RTD and 31us propagation delay.
	Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33





Thus when it comes to the inter-band CA cases, in order to apply the 3ms SCell activation delay on the SSB-less target cell, it is required as one of the prerequisite conditions that 
· The RTD between the target inter-band SCell (without SSB) and the active serving cell with SSB is within ±3us
Proposal 1: The inter-band SSB-less SCell activation delay requirements apply when RTD (the relative receive timing difference among the closest slot timing boundaries) of the target inter-band SCell (without SSB) and the active serving cell with SSB is within ±3us.
Of course there are cases where potential enhancements on 3us RTD can be considered when the bands are close to each other but in order to have a unified requirement RAN4 needs to consider the minimum requirements.
Power imbalance 
The power difference between the target cell and the reference cell configured with SSB is also important for the UE to correctly carry out SCell activation on the SSB-less target. In order for the UE to use the measured results on the SSB cell to derive info to the SSB-less target cell, the power difference between the two cells has to be smaller than a certain threshold. In the intra-band contiguous case, <6dB is required. 
Though it is often seen that between inter-band carriers, the power imbalance is much larger compared to intra-band cases, we need to guarantee the SCell activation performance under a correct deployment and configuration from the network. Since we assume that this kind of requirement only applies to collocated scenarios, we propose to keep the 6dB maximum imbalance value.
Proposal 2: The inter-band SSB-less SCell activation delay requirements apply then the difference of the received powers between target SCell and the active serving cell with SSB is <= 6dB.

QCL relations among RS-s
The primary condition to apply the 3ms activation requirement is that TRS (tracking reference signal, periodic non zero powered CSI-RS) has to be guaranteed on the target SCell. Even with intra-band contiguous cases, TRS is required to be transmitted on the target SCell and the TRS has to be QCLed with the SSB transmitted in the other serving cell. 
Once TRS is transmitted on the target SCell, the UE is able to use the TRS to carry out frequency/time tracking and CSI measurements and reporting. The performance then is largely guaranteed and that is why in the existing activation requirements for intra-band contiguous CA, TRS is transmitted on the target cell.
Proposal 3: TRS which is QCLed with the SSB on an active serving cell is transmitted on the inter-band SSB-less target SCell to guarantee fair performance of the UE activation. 
However, transmission of TRS consumes considerable amount of energy from the network and it is pretty much the similar portion compared to the SSB transmission. On the contrary, when TRS is not transmitted the UE possibly uses aperiodic CSI-RS instead.
When UE uses aperiodic CSI-RS on the target SCell to carry out tracking and measurements, the transmitted CSI-RS has to be QCLed with the SSB/TRS on the reference active serving cell. In order for the activation requirements to apply, the configured aperiodic CSI-RS for inter-band SSB-less SCell activation is QCLed type A to the TRS of the SSB serving cell and it is QCLed type C to the SSB from the SSB serving cell.
Proposal 4: when TRS is not configured on the target SCell, the configured aperiodic CSI-RS for inter-band SSB-less SCell activation is QCLed type A to the TRS of the SSB serving cell and it is QCLed type C to the SSB from the SSB serving cell.
SSB-less SCell in intra-band non-contiguous CA
There is no reason to leave intra-band non-contiguous CA deployment out of scope in terms of discussions on the 3ms activation requirements for SSB-less SCell.
At least all the requirements specified for inter-band CA can be applied to intra-band non-contiguous CA. We propose that together with the specification of inter-band cases, RAN4 specifies requirements also for intra-band non-contiguous CA.
Proposal 5: Together with the specification of inter-band cases, RAN4 specifies requirements also for intra-band non-contiguous CA.
Proposal 6: Activation requirements specified for inter-band SSB-less SCell also apply to intra-band non-contiguous SSB-less SCell activation.
Cell DTX/DRX
This part of the objectives is handled mainly in RAN2. The below box shows the agreements in RAN2 in the last WG meeting.
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
1. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
1. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer.  FFS on configuration signaling and stage 3.  
1. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  
The idea of the discussion is to try to align the cell DTX/DRX to existing UE DRX configurations so that all the individual UE-s will follow the cell DTX/DRX cycle in order to generally save energy at the network side. The detailed impact to RRM specification is not clear at the moment. We will wait until further design is agreed.
There are also other objectives being discussed in either RAN1 or RAN2, say CHO, reselection enhancements, spatial and power domain enhancements. RAN4 waits for further conclusions related to them.
Conclusion
In this paper we provide our initial views on RRM aspects that are related to the discussions within WI scope.
Proposal 1: The inter-band SSB-less SCell activation delay requirements apply when RTD (the relative receive timing difference among the closest slot timing boundaries) of the target inter-band SCell (without SSB) and the active serving cell with SSB is within ±3us.
Proposal 2: The inter-band SSB-less SCell activation delay requirements apply then the difference of the received powers between target SCell and the active serving cell with SSB is <= 6dB.
Proposal 3: TRS which is QCLed with the SSB on an active serving cell is transmitted on the inter-band SSB-less target SCell to guarantee fair performance of the UE activation. 
Proposal 4: when TRS is not configured on the target SCell, the configured aperiodic CSI-RS for inter-band SSB-less SCell activation is QCLed type A to the TRS of the SSB serving cell and it is QCLed type C to the SSB from the SSB serving cell.
Proposal 5: Together with the specification of inter-band cases, RAN4 specifies requirements also for intra-band non-contiguous CA.
Proposal 6: Activation requirements specified for inter-band SSB-less SCell also apply to intra-band non-contiguous SSB-less SCell activation.
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