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1 Introduction

In this contribution, we provide two versions of text proposals for power saving impacts on TS 37.340.

The first version (see Annex 1) implements the agreements in TS 37.340 in a separate section, which means all the power saving related functions are captured in a separate section, like in TS 38.300.

The second version (see Annex 2) implements the agreements in TS 37.340 in different existing sections, i.e., only those related sections are impacts by the agreements of power saving.

Companies are invited to give the views on the preference of different version.

2 Discussion
For the impacts on TS 37.340, there are following agreements needs to be captured/implemented in TS 37.340:

· The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 

· RAN2 confirms that the UE power saving in NR network in MR-DC scenarios are within the scope of the WID.
· The solution on how to transfer UE assistance information to NR SN should be discussed together with other UE assistance information (e.g. overheating) in main session.
Regarding agreement #2, in our view, only the following features are applied to MR-DC:

· PDCCH-based power saving signalling/channel

· UE assistance information (including efficient state transition)

· MIMO layer adaptation

· Cross-slot scheduling (defined in RAN1)

From TS 37.340 perspective, only DC related impacts should be captured, i.e., PDCCH-based power saving signalling/channel, UE assistance information, specifically on how does this message is transferred to network. Other features should be correctly captured in TS 38.300.
Proposal 1 TS 37.340 only captures the power saving features which have impacts on multi-connectivity scenario, i.e., PDCCH-based power saving signalling/channel and UE assistance information.
Proposal 2 RAN2 selects the TP in Annex1 or Annex 2. 
3 Conclusion

Based on the discussion we propose the following:
Proposal 1
TS 37.340 only captures the power saving features which have impacts on multi-connectivity scenario, i.e., PDCCH-based power saving signalling/channel and UE assistance information.
Proposal 2
RAN2 selects the TP in Annex1 or Annex 2.


4 Annex1 TP for power saving impacts on TS 37.340

First Modified Subclause
x
UE Power saving for MR-DC 
For NR-DC, power saving can be achieved in both CGs by configuring separate DCI with CRC scrambled by PS-RNTI to be monitored on PCell and PSCell. For EN-DC and NGEN-DC, power saving can be achieved in the SN by configuring DCI with CRC scrambled by PS-RNTI to be monitored on PSCell. For NE-DC, power saving can be achieved in the MN by configuring DCI with CRC scrambled by PS-RNTI to be monitored on PCell. For MR-DC, the UE can report UE assistance information for the power saving purpose to the network.
Editor’s note: The solution on how to transfer UE assistance information to NR SN should be discussed together with other UE assistance information (e.g. overheating) in main session.
5 Annex2 TP for power saving impacts on TS 37.340

First Modified Subclause
4.2
Radio Protocol Architecture

4.2.1
Control Plane

In MR-DC, the UE has a single RRC state, based on the MN RRC and a single C-plane connection towards the Core Network. Figure 4.2.1-1 illustrates the Control plane architecture for MR-DC. Each radio node has its own RRC entity (E-UTRA version if the node is an eNB or NR version if the node is a gNB) which can generate RRC PDUs to be sent to the UE.

RRC PDUs generated by the SN can be transported via the MN to the UE. The MN always sends the initial SN RRC configuration via MCG SRB (SRB1), but subsequent reconfigurations may be transported via MN or SN. When transporting RRC PDU from the SN, the MN does not modify the UE configuration provided by the SN.

In E-UTRA connected to EPC, at initial connection establishment SRB1 uses E-UTRA PDCP. If the UE supports EN-DC, regardless whether EN-DC is configured or not, after initial connection establishment, MCG SRBs (SRB1 and SRB2) can be configured by the network to use either E-UTRA PDCP or NR PDCP (either SRB1 and SRB2 are both configured with E-UTRA PDCP, or they are both configured with NR PDCP). Change from E-UTRA PDCP to NR PDCP (or vice-versa) is supported via a handover procedure (reconfiguration with mobility) or, for the initial change of SRB1 from E-UTRA PDCP to NR PDCP, with a reconfiguration without mobility before the initial security activation.

If the SN is a gNB (i.e. for EN-DC, NGEN-DC and NR-DC), the UE can be configured to establish a SRB with the SN (SRB3) to enable RRC PDUs for the SN to be sent directly between the UE and the SN. RRC PDUs for the SN can only be transported directly to the UE for SN RRC reconfiguration not requiring any coordination with the MN. Measurement reporting for mobility within the SN can be done directly from the UE to the SN if SRB3 is configured.
Editor’s note: Using SRB3 to transmit UE assistance information is one of the options and needs to be confirmed.
Split SRB is supported for all MR-DC options, allowing duplication of RRC PDUs generated by the MN, via the direct path and via the SN. Split SRB uses NR PDCP. This version of the specification does not support the duplication of RRC PDUs generated by the SN via the MN and SN paths.

In EN-DC, the SCG configuration is kept in the UE during suspension. The UE releases the SCG configuration (but not the radio bearer configuration) during resumption initiation.

In MR-DC with 5GC, the UE stores the PDCP/SDAP configuration when moving to RRC Inactive but it releases the SCG configuration.

Second Modified Subclause
6.1
MAC Sublayer

In MR-DC, the UE is configured with two MAC entities: one MAC entity for the MCG and one MAC entity for the SCG. The serving cells of the MCG other than the PCell can only be activated/deactivated by the MAC Control Element received on MCG, and the serving cells of the SCG other than PSCell can only be activated/ deactivated by the MAC Control Element received on SCG. The MAC entity applies the bitmap for the associated cells of either MCG or SCG. PSCell in SCG is always activated like the PCell (i.e. deactivation timer is not applied to PSCell). With the exception of PUCCH SCell, one deactivation timer is configured per SCell by RRC.

In MR-DC, semi-persistent scheduling (SPS) resources can be configured on both PCell and PSCell.

In MR-DC, the BSR configuration, triggering and reporting are independently performed per cell group. For split bearers, the PDCP data is considered in BSR in the cell group(s) configured by RRC.

In MR-DC, separate DRX configurations are provided for MCG and SCG.
In MR-DC, for power saving purpose, if the MN is a gNB (i.e. for NE-DC and NR-DC), the UE can be configured with DCI with CRC scrambled by PS-RNTI to be monitored on PCell. If the SN is a gNB (i.e. for EN-DC, NGEN-DC and NR-DC), the UE can be configured with DCI with CRC scrambled by PS-RNTI to be monitored on PSCell.
Third Modified Subclause
7.5
SRB3

SRB3 is supported in EN-DC, NGEN-DC and NR-DC, but not in NE-DC.

The decision to establish SRB3 is taken by the SN, which provides the SRB3 configuration using an SN RRC message. SRB3 establishment and release can be done at Secondary Node Addition and Secondary Node Change. SRB3 reconfiguration can be done at Secondary Node Modification procedure.

SRB3 may be used to send SN RRC Reconfiguration, SN RRC Reconfiguration Complete and SN Measurement Report messages, only in procedures where the MN is not involved. SN RRC Reconfiguration Complete messages are mapped to the same SRB as the message initiating the procedure. SN Measurement Report messages are mapped to SRB3, if configured, regardless of whether the configuration is received directly from the SN or via the MN. No MN RRC messages are mapped to SRB3.
Editor’s note: Using SRB3 to transmit UE assistance information is one of the options and needs to be confirmed.
SRB3 is modelled as one of the SRBs defined in TS 38.331 [4] and uses the NR-DCCH logical channel type. RRC PDUs on SRB3 are ciphered and integrity protected using NR PDCP, with security keys derived from S-KgNB. The SN selects ciphering and integrity protection algorithms for the SRB3 and provides them to the MN within the SCG Configuration for transmission to the UE.

NOTE:
A NR SCG RRC message sent via E-UTRA MCG SRB is protected by E-UTRA MCG SRB security (NR security is not used in this case).

SRB3 is of higher scheduling priority than all DRBs. The default scheduling priorities of split SRB1 and SRB3 are the same.

There is no requirement on the UE to perform any reordering of RRC messages between SRB1 and SRB3.

When SCG is released, SRB3 is released.

6 Annex 3 (RAN2 agreements on UE power saving WI)
RAN2#107 agreements:
	Feature
	Agreements

	PDCCH-based power saving signals/channel
	· The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 

· The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.

· The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.

· On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.

· From RAN2 point of view the UE does not monitor WUS during active time.

· If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

· The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 

· RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)

	Efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE

	· UE indicates the preferred state using RRC signalling.   The information is provided using UE assistance.  The network uses legacy release to transition the UE. It is up to the network whether and which state the UE should transition to.  UE autonomous release is not supported.

· The network can control the rate in which the UE transmits the release request.  At least a prohibit timer is introduced.

	MIMO layer adaptation


	· Maximum number of MIMO layers can be configured at least per DL BWP including initial/default and others.  

· If maximum number of MIMO layers is configured for a BWP, the UE uses this value and ignores the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.
· If maximum number of MIMO layers is not configured for a BWP, the UE uses the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.

	UE assistance information


	· UE assistance reporting follows Rel-15 UE assistance information procedure as a baseline.  The network can configure the UE to be able to report C-DRX UE assistance.  The UE reports only the configured UE assistance information that triggered the report. 

· C-DRX configuration will be provided in UE assistance.   Include the following DRX configuration parameters in UE assistance: long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer. FFS DRX on duration and DRX start offset 

· BWP and SCells UE assistance there is not enough consensus.  
· LTE PPI is excluded from UE assistance

	RRM measurement relaxation
	· Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    

· UE may activate relaxed measurement criteria if at least any of the following conditions are met:   

· Serving Cell measurement does not change more than a relative threshold during a time period

· LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 

· UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold

· FFS: Whether neighbour cell RSRP should also be considered.


RAN2#107bis agreements:
	Feature
	· Agreements

	PDCCH-based power saving signals/channel
	· From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network. However, RAN2 will follow the final RAN1 decision.

· Ask RAN1 if there are technical feasibility concerns to support WUS for short DRX

· Ask RAN1, what is the assumption regarding whether the UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI (i.e. CSI/SRS are performed only during active time).  

· wait for RAN1 to progress misdetection issues

	Efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE

	· UE assistance information for release request is network configurable.  

· Preferred state is optionally included in Release Request in UE assistance information

· Triggering condition of Release Request in the UE assistance is up to UE implementation and we will specify what we expect from the UE.  

· Specify that UE may signal via UE assistance that it prefers to be released when the UE may expect not to send or receive more data on near future (like NB-IoT).  

· Introduce a RRC prohibit timer for the release request.   

· A prohibit timer value = 0 can be configured for UE assistance information for release indication.  

· A prohibit timer with value infinity can be configured and large values don’t have to be introduced.  FFS on the additional values and try to keep the values shorter

	MIMO layer adaptation


	· No agreements

	UE assistance information


	· UE assistance of C-DRX configuration will not include UE’s preference for “DRX on duration” and “DRX start offset”.

· FFS how UE provides “UE’s preferred C-DRX configuration” information: option (1) UE provides its preference based on any value of the corresponding parameter range, or option (2) UE provides its preference based on pre-defined values or set of configurations that were previously conveyed to the UE by the network

· Prohibit timer will be used as the general framework for UE assistance information and configured per UE assistance type. 

· FFS UEAssistanceInformation message can be sent without including “UE’s preferred C-DRX configuration” (i.e. if the UE doesn’t have a preference anymore)

· The network should be able to distinguish from the received message whether it is for overheating or power saving purpose.

· The maximum aggregated bandwidth DL/UL (FR1 and FR2) from Rel-15 overheatingAssistance I.E is re-used for power saving.

· The total number of DL/UL SCells from Rel-15 overheatingAssistance I.E is re-used for power saving

· The maximum number of MIMO layers DL/UL (FR1 and FR2) from Rel-15 overheatingAssistance I.E is re-used for power saving.

· Introduce a new I.E. in UEAssistanceInformation message including the above selected fields from overheatingAssistance I.E.

· The new type of UE assistance information in support of power saving has its own prohibit timer

· RAN2 confirms that the UE power saving in NR network in MR-DC scenarios are within the scope of the WID.

· The solution on how to transfer UE assistance information to NR SN should be discussed together with other UE assistance information (e.g. overheating) in main session. 

	RRM measurement relaxation
	· Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both) 

· Cell-edge criteria will not consider neighbour cell measurements 
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