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1. Introduction
In R19, a new WI focus on network energy saving is setup and one objective is to specify adaptation of common signal/channel transmissions.
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]

a) Adaptation of SSB in time domain, e.g. adapting periodicity

b) Adaptation of PRACH in time domain

c) Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial

i. This study is to be done in 2Q’2024 only

d) Adaptation of paging occasions including confining the paging occasions in the time domain 
i. Note: there shall be no paging latency increase
e) Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 


In this paper, we would like to discuss adaptation of paging occasions, e.g., compact paging and adaptation of PRACH in time/spatial domain.
2. Discussion
2.1 PRACH adaptation in time domain
In legacy paging, nAndPagingFrameOffset will decide the number of PF in DRX cycle and ns will decide the number of PO in one PF.
	PF number\ DRX cycle
	rf32
	rf64
	rf128
	rf256

	1/16
	2
	4
	8
	16

	1/8
	4
	8
	16
	32

	1/4
	8
	16
	32
	64

	1/2
	16
	32
	64
	128

	1
	32
	64
	128
	256


Based on current configuration, the minimal number of PF in one DRX cycle is 2 and the maximal interval between two PF is 16 radio frames.


[image: image1]
Observation 1: Based on current configuration of PCCH, the minimal number of PF in one DRX cycle is 2 and the maximal interval between two PF is 16 radio frames.

The firstPDCCH-MonitoringOccasionOfPO IE is introduced in R15 because of load balance. If there is no firstPDCCH-MonitoringOccasionOfPO IE for each PO, the PO in one PF will be centralized from the beginning of the PF.

If there is only on PF in one DRX cycle and no firstPDCCH-MonitoringOccasionOfPO IE for each PO, all the POs will be centralized from the beginning of the PF. As result, the network will reduce frequent DL transmission for paging purpose and achieve network energy saving. So in order to achieve more network energy saving, it is possible to configure one PF, e.g, introduce one32thT value, one64thT value and so on for nAndPagingFrameOffset. Based on this extension of nAndPagingFrameOffset, the legacy PO, PF mechanism can be reused and no much standard impact. 

At this stage of NR, we do not think it is a good idea to introduce complex mechanism for compact paging and we should rely on current paging mechanism as much as possible. 
Observation 2: If there is only one PF in one DRX cycle and no firstPDCCH-MonitoringOccasionOfPO IE for each PO, all the POs will be centralized naturally from the beginning of the only one PF in one DRX cycle.
If there is only one PF in DRX cycle, in order to improve paging capacity, the number of PO in one PF can be extended.

Proposal 1: In NR, in order to reduce the gNB to start DL transmission frequently for paging purpose for network energy saving.
· Only one PF is configured in one DRX cycle.
· More PO in one PF can be configured to ensure the paging capacity.
· No firstPDCCH-MonitoringOccasionOfPO is configured for each PO.
Some companies may want to extend long time for paging transmission interval to achieve more network energy saving and wants to support compact paging across DRX cycle. However, it will result in long paging delay and there is note in WI “Note: there shall be no paging latency increase”. Furthermore, compact paging across DRX cycle will also increase the complexity and more standard impact.

Proposal 2: Compact paging across DRX cycle will be not supported.
2.2 PRACH adaptation in time domain

As mentioned in TR 38.864, energy saving gain is observed by taking the advantage of larger PRACH reception periodicity [1]. Therefore, one direction of the common signal adaptation is PRACH adaptation in time domain. According to the latest RAN1 agreement, there are several candidate mechanisms for further study. 
	Agreement

For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study

· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)

· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs

· For the additional PRACH resources,

· Adaptation of PRACH resource periodicity/PRACH occasion 

· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle

· Adaptation based on extending cell DRX operation for PRACH

· Concentrating ROs in time domain

· Other options are not precluded

Agreement

For the adaptation mechanisms of PRACH in time-domain

· Support at least PRACH adaptation provided by gNB without UE trigger

· FFS: PRACH adaptation with UE trigger

· Note: UE trigger means UE requests adaptation of PRACH

· Study at least the following,

· Dynamic signaling and/or semi-static signaling of PRACH adaptation 

· Adaptation of PRACH transmission according to certain condition 

· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)


In our understanding, the main work is within RAN1 scope, e.g., the detailed adaptation mechanism. Even there are some higher layers impact, e.g., configuration and/or signalling design, we should firstly wait for conclusion from RAN1.
Proposal 3: RAN2 to wait for RAN1 conclusion on PRACH adaptation in time domain.
2.3 PRACH adaptation in spatial domain

Regarding to the PRACH adaptation in spatial domain, generally speaking, the association between RO/preamble and SSB are indicated by ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which provides the following two parameter:
· N determines the association between SSB and RO, which means N SSBs associate with one RO.
· R determines the association between RO and preamble, which means R preambles per SSB per valid RO. 
In this case, there are at least three directions that each impacts the spatial characteristic for PRACH transmission, i.e., 1) association between RO and SSB 2) association between preamble and SSB 3) association between RO/preamble and SSB. We think for this aspect, RAN1 should firstly clarify what kind of spatial adaptation is pursued for PRACH. Therefore, similar as PRACH adaptation in time domain, more RAN1 input is needed for PRACH adaptation in special domain. 
Proposal 4: RAN2 to wait for RAN1 conclusion on what kind of spatial adaptation is pursued for PRACH.
3. Conclusions

Based on the above discussion, we propose following proposals:
Observation 1: Based on current configuration of PCCH, the minimal number of PF in one DRX cycle is 2 and the maximal interval between two PF is 16 radio frames.
Observation 2: If there is only on PF in one DRX cycle and no firstPDCCH-MonitoringOccasionOfPO IE for each PO, all the POs will be centralized naturally from the beginning of the only one PF in one DRX cycle.
Proposal 1: In NR, in order to reduce the gNB to start DL transmission frequently for paging purpose for network energy saving.

· Only one PF is configured in one DRX cycle.
· More PO in one PF can be configured to ensure the paging capacity.
· No firstPDCCH-MonitoringOccasionOfPO is configured for each PO.
Proposal 2: Compact paging across DRX cycle will be not supported.

Proposal 3: RAN2 to wait for RAN1 conclusion on PRACH adaptation in time domain.
Proposal 4: RAN2 to wait for RAN1 conclusion on what kind of spatial adaptation is pursued for PRACH.
PCCH-Config ::=             SEQUENCE {


    defaultPagingCycle                  PagingCycle,


    nAndPagingFrameOffset               CHOICE {


        oneT                                NULL,


        halfT                               INTEGER (0..1),


        quarterT                            INTEGER (0..3),


        oneEighthT                          INTEGER (0..7),


        oneSixteenthT                       INTEGER (0..15)


    },


    ns                                  ENUMERATED {four, two, one},


    firstPDCCH-MonitoringOccasionOfPO   CHOICE {


======omit some ie=====


}
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