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1 Introduction
SI of Network energy saving (RP-213554) was agreed in RAN#94e [1]. The related SID objectives involving RAN2 are summarized below.

1. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:

· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]

· Information exchange/coordination over network interfaces [RAN3]

Note: Other techniques are not precluded
The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 
In our companion contribution [2], we share our view on the general RAN2 work on Network energy saving, and we proposed that RAN2 can start the study on adaptation of RS for measurement and cell specific DRX. In this contribution, we provide our consideration on adaptation of RS for measurement. 
2 Discussion 
According to RAN1#109-e discussion [3], one consensus among companies is that dense transmission of reference signal for measurement (SSB, CSI-RS or TRS) is one important contributor for Network power consumption. Thus, one useful solution is for gNB to transmit sparser reference signal when it is in sleep mode.    
Observation 1: Dense transmission of reference signal for measurement (SSB, CSI-RS or TRS) is one important contributor for Network power consumption. Thus, one useful solution is for gNB to transmit sparser reference signal when it is in sleep mode.    

However, sparse transmission of RS may result in the following two issues: 

1) Some UEs may not get sufficient RS samples to satisfy the RAN4 measurement requirement.  

2) Extra latency is introduced to wait more reference signals (e.g. SSB in next periodicity) which is bad especially if the UE has latency sensitive service. 

Observation 2: Sparse transmission of RS may result in two issues: 1) Some UEs may not get sufficient RS samples to satisfy the RAN4 measurement requirement; 2) Extra latency is introduced to wait more reference signals.

Based on above analysis, we think one straight forward solution is to introduce on-demand reference signal for measurements. Specifically, upon detection of insufficient measurement samples, UE can send gNB assistance information to request on-demand reference signals (including SSB, CSI-RS and TRS) for measurements. The on-demand RS basically means another pattern of reference signals (e.g. RS density, beam number, and RS type). The details of this indication is FFS (e.g. RRC, MAC-CE or L1 signaling). 

Proposal 1: The UE is allowed to notify Network its preference on reference signal pattern for measurements via assistance information. FFS the assistance information is RRC message, MAC-CE or L1 signaling 

Upon reception of the assistance information from the UE, gNB can reconfigure denser transmission of reference signals via RRC message. However, RRC reconfiguration is in a slow time scale, and may not be suitable for the UE with latency sensitive service. Thus, we think it makes sense to introduce MAC-CE based activation / deactivation signaling. Specifically, the UE can be configured with a list of reference signal sets and the mapping between code-points of MAC-CE and set index in RRC. And MAC-CE is used to activate or deactivate one set of reference signal(s). 

Proposal 2: The Network can use MAC-CE to activate / deactivate a different pattern of reference signals for measurements
Finally, some UEs may frequently detect insufficient RS samples to satisfy the RAN4 measurement requirement in the current cell. In this case, we think such UEs should be allowed to request Network to redirect to another cell via assistance information. 

Proposal 3: The UE is allowed to request Network to redirect it to another cell via assistance information. FFS the assistance information is RRC message, MAC-CE or L1 signaling 

3 Conclusion
In this contribution, we provide our consideration on adaptation of RS for measurement which is target for Rel-18 SI of Network energy saving. Our observations are:
Observation 1: Dense transmission of reference signal for measurement (SSB, CSI-RS or TRS) is one important contributor for Network power consumption. Thus, one useful solution is for gNB to transmit sparser reference signal when it is in sleep mode.    

Observation 2: Sparse transmission of RS may result in two issues: 1) Some UEs may not get sufficient RS samples to satisfy the RAN4 measurement requirement; 2) Extra latency is introduced to wait more reference signals.

Based on observations, our proposals are:
Proposal 1: The UE is allowed to notify Network its preference on reference signal pattern for measurements via assistance information. FFS the assistance information is RRC message, MAC-CE or L1 signaling 

Proposal 2: The Network can use MAC-CE to activate / deactivate a different pattern of reference signals for measurements
Proposal 3: The UE is allowed to request Network to redirect it to another cell via assistance information. FFS the assistance information is RRC message, MAC-CE or L1 signaling 
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