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1. Introduction

At the last RAN1 meeting, NR RRM measurement based on SS block was discussed and RAN1 made following agreements and conclusions [1].
	Agreements:
· RAN1 assumes at least SSS is used for SS block RSRP

· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
Conclusions:
· RAN1 should conclude one or multiple SS burst periodicity and the timing for UE RRM measurement per frequency carrier if indicated in the next meeting


In this contribution, we discuss on whether/how to handle power offset between NR-SSS and NR-PBCH DMRS, and whether to support one or multiple SS burst periodicity/timing/duration for RRM measurement per frequency carrier. 
2. Discussion on power offset between NR-SSS and NR-PBCH DMRS
It was agreed to use at least NR-SSS as IDLE mode RS for DL based RRM measurement for L3 mobility in IDLE and CONNECTED modes. NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset between NR-PBCH DMRS and NR-SSS. Therefore, the statically or semi-statically power offset between NR-SSS and NR-PBCH DMRS should be indicated to UE in order to allow UE to accurately combine the measurement from NR-SSS and NR-PBCH DMRS REs for SS block RSRP. 
The power offset value between NR-SSS and NR-PBCH DMRS is related to several factors, such as bandwidth of NR-SSS and NR-PBCH DMRS, the power offset between PBCH-DMRS and PBCH data, and whether other signal(s) and/or channel(s) are transmitted on NR-SSS and/or NR-PBCH symbols with frequency domain multiplexing. For example, the NR-PBCH bandwidth is twice of NR-SSS bandwidth, and thus the transmission power per RE of NR-PBCH data could be less than NR-SSS. The power offset between NR-PBCH DMRS and NR-SSS will have impact on the power of NR-PBCH data. In addition, if different signal(s) and/or channel(s) are multiplexed with NR-SSS and NR-PBCH in each SS block timing, the power offset between NR-SSS and NR-PBCH may need to change. 
However, we think that the power offset should basically be fixed. When some signal(s) and/or channel(s) are multiplexed with SS block in frequency domain, they would have the same transmission power on NR-SSS symbol and NR-PBCH symbols so that the power offset between NR-SSS and NR-PBCH DMRS could be fixed. Even if some signal(s) and/or channel(s) can be multiplexed only on NR-PSS/SSS symbols e.g., by using residual resources within SS block bandwidth, the transmission power of NR-SSS should be fixed at least semi-statically so that the power offset  between NR-SSS and NR-PBCH DMRS is also fixed. Otherwise, even the measurement based on NR-SSS only would vary and it may cause a problem.
There are two possible methods to indicate UE of the power offset between NR-SSS and NR-PBCH DMRS, one is to use a fixed value in the specification and another is to indicate a offset value in NR-PBCH. Considering less necessity/benefits of power offset adaption and the limited size of NR-PBCH payload, it is preferred that the power offset between NR-SSS and NR-PBCH DMRS is fixed in the specification.
Proposal 1:
· The power offset between NR-SSS and NR-PBCH DMRS is fixed in the specification.
3. Discussion on one or multiple SS burst periodicity/timing/duration for RRM measurement per carrier
At the RAN1#88 meeting, it was agreed that NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection) for CONNECTED and IDLE mode UEs. If only one set of information regarding SS burst periodicity/timing/duration for RRM measurement is supported and notified per carrier, UE behavior on RRM measurement is simple as UE can find any cells on the carrier using the single measurement configuration. 
However, it would also be beneficial if multiple sets of information regarding SS burst periodicity/timing/duration for RRM measurement are supported and can be notified per carrier. On a carrier frequency, different SS burst set periodicities may be applied to different cells considering different conditions or requirements. For example, for a cell with large cell radius, smaller periodicity could be applied to support high mobility UEs; while for a cell with small cell radius, larger periodicity could be applied to serve low mobility UEs. Another example is that since different cells on the same carrier frequency may apply different number of SS blocks within a SS burst set according to different antenna configuration/deployment place, appropriate measurement timing/duration for each cell may be different. Figure 1 shows an example of different settings regarding SS burst set periodicity/duration/timing for different cells. Cell A/C has smaller SS burst set periodicity than Cell B/D to support high mobility UEs. The number of SS blocks within a SS burst set is also different between Cell A/C and Cell B/D due to different antenna configuration. The SS burst set timing could also be different for different cells. 
In such scenario, multiple sets of information regarding SS burst set periodicity/timing/duration for a serving carrier (e.g., separate information for serving cell and for neighboring cells) can be notified in SIB and RRC signaling for IDLE UEs and CONNECTED UEs, respectively. In some cases, a UE may perform serving cell RRM measurement only as long as serving cell quality is sufficient. UE may start to measure neighboring cells when serving cell quality degrades. Therefore, separate measurement timing/periodicity/duration setting between serving cell and neighboring cells may relax UE measurement effort especially in case of only performing serving cell RRM measurement thanks to measurement configuration focusing on actual SS burst set transmission from the serving cell. 
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Figure 1: An example of different SS burst set periodicity/duration/timing for different cells
On the other hand, with larger number of separate measurement configurations per carrier, UE complexity increases. Considering the tradeoff between flexibility and complexity, the maximum number of measurement configurations per carrier should be limited, e.g., up to two. In that case, when a single measurement configuration is notified to UE for a frequency carrier, UE applies this configuration to measure all cells on the frequency carrier. When two measurement configurations are notified to UE for a frequency carrier, UE applies one of the configurations to measure specific cell(s) e.g., serving cell as listed or pre-defined, and UE applies another configuration to measure all other cells on the frequency carrier. In addition to the measurement for serving carrier, the measurement configuration for non-serving carriers could also be notified to facilitate efficient inter-frequency measurement. Considering the UE complexity on RRM measurement and no serving cell in inter-frequency measurement, only single measurement configuration could be provided per non-serving carrier.

In addition to the timing/periodicity/duration information, it is also beneficial to notify the actual transmitted SS block index of neighboring cells. Especially when the maximum number of SS blocks is high, such information could significantly reduce UE measurement effort. 

Proposal 2:
· NR supports indication of multiple measurement configurations containing SS burst periodicity/timing/duration information for RRM measurement per carrier. 

· The maximum number of measurement configurations should be limited.
· For serving carriers, the maximum number of measurement configurations should be two per carrier.
· For non-serving carriers, the maximum number of measurement configurations should be one per carrier. 
4. Conclusion 

In this contribution, we discussed on whether/how to handle power offset between NR-SSS and NR-PBCH DMRS, and whether to support one or multiple SS burst periodicity/timing/duration for RRM measurement per frequency carrier. Based on the discussion, we made following proposals. 

Proposal 1:
· The power offset between NR-SSS and NR-PBCH DMRS is fixed in the specification.
Proposal 2:
· NR supports indication of multiple measurement configurations containing SS burst periodicity/timing/duration information for RRM measurement per carrier. 

· The maximum number of measurement configurations should be limited.
· For serving carriers, the maximum number of measurement configurations should be two per carrier.
· For non-serving carriers, the maximum number of measurement configurations should be one per carrier.
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