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Introduction
In RAN#102, a new work item for Rel-19 NR “enhancements of network energy savings for NR” was approved [1]. The work item aims to specify further network energy saving techniques which were found beneficial in the Rel-18 study, including adaptation of common signal/channel transmissions. The common signal/channel transmissions include SSB, PRACH, and paging as captured below. In this contribution, we discuss potential enhancements on those signals/channels for Rel-19 NES.
	Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown



Discussion
Localized PO resource pattern
An RRC idle/inactive mode UE performs the DRX operation based on the paging mechanism. According to the current specification, UE identifies a PF and a PO to perform paging DCI monitoring in every DRX cycle. There can be multiple PFs, each consisting of one or multiple POs, in a DRX cycle to allocate different paging resources to multiple UE groups for the case where a large number of UEs are camping on or attached to a serving cell. The PFs are evenly distributed in time. Although the distributed PF and PO allocation is helpful in securing paging resources, it has a negative impact on the network’s energy saving operation due to frequent wake-up actions to page UEs. To avoid such operation, it is beneficial to confine paging resources to only few radio frames. Two methods can be considered.
First alternative is to allocate the PFs in consecutive radio frame(s). Referring to an example in Figure 1, 4 PFs (N=4) can be allocated to 4 contiguous radio frames in a DRX cycle (T=16). Each PF may comprise one or multiple POs. Figure 2 is another example where paging resources are more temporally localized while providing the same number of POs as the previous example. As shown in the figure, all the POs can be confined within a single common paging frame. If the POs comprise a large number of PDCCH monitoring occasions, a part of the POs may be mapped to include a next radio frame.
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Figure 1. An example of localized PFs and POs
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Figure 2. Another example of localized POs

Second alternative to localize the POs is to reuse Type 0 PDCCH CSS set for the paging transmission. That is, the PDCCH monitoring occasions of the Type 0 PDCCH CSS set may serve as the POs. UE may monitor the paging PDCCH in addition to the SIB1 PDCCH on the Type 0 PDCCH CSS set. Or equivalently, UE may assume that Type 2 PDCCH CSS set for paging is identical to the Type 0 PDCCH CSS set. According to this approach, gNB and UE can wake up and transmit/monitor SSB, SIB1, and the paging message all together, and no separate wake-up for the paging is not required.
The PO monitoring periodicity may be longer than the SIB1 or SSB periodicity. In that case, only part of the SIB1 periods can be used for paging as illustrated in Figure 3. In addition, to distribute POs across UE groups, multiple POs can be defined using different SIB1 periods.
Proposal 1: Consider the following alternatives to localize the paging resources in time:
· Alt. 1: Allocate POs in a single radio frame or a set of consecutive radio frames
· Alt. 2: Reuse Type 0 PDCCH CSS set for paging
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Figure 3. An example of reusing Type 0 PDCCH CSS set for paging

Adaptation of PO resource pattern
Once a new PO resource pattern is introduced, a serving cell may transmit the paging messages using either the legacy or new (or both legacy and new) resources depending on situation. To this end, the PO adaptation should be possible from a UE perspective as well (for Rel-19 NES-capable UEs). Considering that all the UEs in RRC idle, inactive, and connected modes monitor the POs, it may be adequate to use a common DCI for the PO adaptation indication. For example, a new common DCI, or the paging DCI (i.e., P-RNTI) may be used to indicate the PO resource pattern to use, or a paging mode.
Proposal 2: PO (e.g., PO resource pattern, paging mode, etc.) can be dynamically adapted based on a common DCI.
Proposal 3: A new common DCI or the paging DCI can be used for the paging adaptation.

Time domain adaptation of SSB and PRACH
Similar to the paging adaptation, time domain adaptation of SSB and PRACH can also be considered for the NES operation. For example, a serving cell may dynamically or semi-statically change the periodicity or resource pattern of SSB and PRACH according to the needs of NES operation. For more efficient power use, the adaptation may cover longer periodicity values, new time domain patterns further confined in less number of slots, etc. However, if a serving cell transmits the SSB or monitors the PRACH based only on such new periodicities/patterns, the legacy UE’s measurement accuracy or random access performance would be deteriorated. According to the WID, the adaptation of common signals/channels should not make a negative impact to legacy UEs unless significant benefits are shown. Future discussions need to focus on how to deal with the legacy impact in enhancing the SSB/PRACH.
Observation 1: If a serving cell transmits the SSB or monitors the PRACH based only on new periodicities/patterns, the legacy UE’s measurement accuracy or random access performance would be deteriorated.
Proposal 4: Discuss how to deal with the legacy impact in enhancements on SSB/PRACH time domain adaptation.

Conclusion
In this contribution, we discuss our initial view on potential enhancements for time domain adaptation of SSB, PRACH, and paging. The following observation and proposals are noted.
Observation 1: If a serving cell transmits the SSB or monitors the PRACH based only on new periodicities/patterns, the legacy UE’s measurement accuracy or random access performance would be deteriorated.

Proposal 1: Consider the following alternatives to localize the paging resources in time:
· Alt. 1: Allocate POs in a single radio frame or a set of consecutive radio frames
· Alt. 2: Reuse Type 0 PDCCH CSS set for paging
Proposal 2: PO (e.g., PO resource pattern, paging mode, etc.) can be dynamically adapted based on a common DCI.
Proposal 3: A new common DCI or the paging DCI can be used for the paging adaptation.
Proposal 4: Discuss how to deal with the legacy impact in enhancements on SSB/PRACH time domain adaptation.
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