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In RAN2#115-e meeting, it was agreed in the context of the R17 UE Power Saving WI the following design choices for TRS/CSI-RS:
	The TRS/CSI-RS configuration is provided in a new SIB.
RAN2 assumes that TRS/CSI-RS configurations are broadcasted. Potential addition of dedicated signalling can be discussed in a later meeting based on company contributions.
The legacy SI update procedure is used for changing TRS/CSI-RS configurations.
Postpone the topic about TRS/CSI-RS availability until a later meeting when RAN1 also has progressed.
On demand SI should be possible for the SIB with TRS/CSI-RS information.
Postpone the discussion on segmentation of the new SIB until RAN1 has sent the list of the parameters and a potential structure.
Postpone the discussion on splitting the TRS/CSI-RS information to a common and RS-specific part until RAN1 has sent the list of the parameters and a potential structure.


Moreover, in RAN2#113bis-e meeting, it was agreed in the context of the R17 Reduced Capability WI the following design choices for SI modification mechanism in eDRX in NR:
4. RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)
In this contribution, we discuss the applicability of TRS/CSI-RS for eDRX UEs and propose a solution aligned with both above agreements. 
Discussion
Description of the problem
In UE Power Saving WI, RAN1 designed a solution to allow RRC_IDLE/INACTIVE UEs saving power when monitoring paging occasion per paging cycle for reception of paging scheduling information and potential system information update indication, described as follows in 38.300 [1]:

	UE Power saving in RRC_IDLE/RRC_INACTIVE may be enabled by using RRC_CONNECTED state TRS/CSI-RS. TRS/CSI-RS is configured to have additional RS allowing UEs in RRC_IDLE/RRC_INACTIVE to sleep longer before waking-up for its paging occasion. The TRS/CSI-RS configuration is provided in SIBX.
Editor’s NOTE:	Need for dedicated signalling for TRS/CSI-RS configuration is FFS.



Per last meeting agreement, TRS/CSI-RS configuration is provided to RRC IDLE/INACTIVE UEs in a new SIB, say SIB-X.
In R17 RedCap WI, RAN2 defined the extended DRX (eDRX) feature for NR, which is already supported in LTE. In summary, a UE can be configured with either the regular DRX or eDRX to be used in RRC IDLE/INACTIVE:
· (regular) legacy DRX: the DRX period T is defined as a number of radio frames, e.g. defaultPagingCycle is {rf32, rf64, rf128, rf256}
· Extended DRX: the eDRX period can be larger than 1024 radio frames = 1 Hyperframe, in which case the period is defined as a number of Hyperframes by TeDRX,H =1, 2, …, 256 Hyper-frames (up to 1024 for NB-IoT). During the Paging Hyperframe (PH), the UE monitors POs according to the regular DRX within a Paging Time Window (PTW) defined by PTW_start and PTW_end.
Figure 1 illustrates the eDRX principle where TeDRX,H = 4, and the eDRX cycle starts on H-SFN #2, as an example.



[bookmark: _Ref83369697]Figure 1: eDRX principle when eDRX cycle is > 1024 frames
Clearly, as a first step, we see no reason to limit the use of TRS/CSI-RS to DRX UEs only, and disallow it for eDRX UEs. Indeed, it is expected that such UEs have been configured with eDRX precisely because of their high demand on power saving. Thus they should naturally benefit from the power saving provided by TRS/CSI-RS configuration.
Proposal 1: TRS/CSI-RS mechanism can be used for both DRX and eDRX UEs.

The next question then is how do we signal a TRS/CSI-RS configuration update in SI for eDRX UEs?
From above RAN2 agreements in UE Power Saving and RedCap WIs:
· The legacy SI update procedure is used for changing the TRS/CSI-RS configuration
· SI modification mechanism from eDRX LTE is used as a baseline for SI change (other than ETWS and CMAS) in NR eDRX
First, as a recall, the legacy SI update mechanism (for non-eDRX UEs) works based on modification periods as follows (where a modification period is configured in SIB1 as n*defaultPagingCycle): upon receiving a change notification during a modification period n, the UE acquires the new SI immediately from the start of the next modification period (n+1). The UE applies the previously acquired SI until the UE acquires the new SI. These general principles are illustrated in figure below (from 36.331, but same principle applies to NR), in which different colors indicate different SI. 


Figure 2: SI update mechanism for non-eDRX UEs
Now, for UEs with an (e)DRX cycle longer than the modification period, an eDRX acquisition period is defined in LTE, which is hard-coded to 256 Hyperframes, i.e. the boundaries of the eDRX acquisition period are determined by H-SFN values for which H-SFN mod 256 =0. Both SI update mechanisms (regular based on modification period, and eDRX based on eDRX acquisition period) are working concurrently together. This is made possible in LTE by supporting two indications for SI change in the paging message: the legacy systemInfoModification for non-eDRX UEs and a new indication systemInfoModification-eDRX, specifically for eDRX UEs. Thus, non-eDRX UEs are supposed to have already received the paging notification for SI update in a (regular) DRX paging notification, so the new one comes on top specifically for eDRX UEs that would have not got it yet and non-eDRX UEs will disregard it.
Now the problem we have with notifying UEs about a configuration change of TRS/CSI-RS via SI update is that SI updates should not impact the paging reception for eDRX UEs. In other words, any SI change that impacts the paging reception should not be applied by NW in the cell until all eDRX UEs have got the change (Figure 3).


[bookmark: _Ref83376486]Figure 3: Issue with TRS/CSI-RS configuration update for eDRX UEs
Solution
The proposed solution is to support an additional TRS/CSI-RS instance, say eDRX-TRS/CSI-RS, for UEs with eDRX cycle longer than the modification period. NW could decide to update the configurations of the DRX TRS/CSI-RS and the eDRX TRS/CSI-RS altogether but when the configuration of the TRS/CSI-RS pair is changed, NW would notify non-eDRX UEs about system information change in modification period n, and in modification period n+1, it would broadcast and apply the configuration change of TRS/CSI-RS, but not eDRX-TRS/CSI-RS. Then, only at the next eDRX acquisition period boundary NW would apply the new configuration of eDRX-TRS/CSI-RS. Thus, the configuration changes of the different TRS/CSI-RSs supporting DRX and eDRX UEs can be applied at different timings, corresponding to the DRX modification period and eDRX acquisition period respectively, without impacting the paging reception for eDRX UEs (Figure 4).



[bookmark: _Ref83376562]Figure 4: Use of different TRS/CSI-RSs for DRX and eDRX UEs
Proposal 2: Two different TRS/CSI-RS instances are supported for UEs with (e)DRX cycle longer and shorter than the modification period, respectively.

[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution, we discussed the support of TRS/CSI-RS for eDRX UEs, resulting in the following proposals:
Proposal 1: TRS/CSI-RS mechanism can be used for both DRX and eDRX UEs.
Proposal 2: Two different TRS/CSI-RS instances are supported for UEs with (e)DRX cycle longer and shorter than the modification period, respectively.
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