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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the last RAN1#89 meeting and RAN2#98 meeting, lots of progresses were achieved. In this paper, we summarize the progress in RAN1 and RAN2 agreements that have impact to RAN4. We also try to point out some open issues that may potentially impact RAN4 RRM work. This paper focuses on the initial access and mobility parts.
2	Initial Access 
· PSS and SSS sequence
RAN1 had agreed the number of hypotheses and the sequence structure of PSS and SSS. These agreements determine the auto-correlation and cross correlation property of sequences. Based on these agreements, RAN4 can start to evaluate some preliminary performance of PSS and SSS sequences, such as the detection rate, false alarm rate and the detection delay. 

However, the structure of SS block/burst/burst set and contents in PBCH may still have some impact to cell detection and measurement performance. For one example, UE may need to decode PBCH to confirm the existence of a SS block (or a cell), especially at low SNR cases where the false alarm rate may be a concern. Another example is that UE may need to consolidate multiple beam-level RSRPs into one cell-level RSRP for reporting. In this case, the knowledge of the structure of SS burst set (e.g., SS block structure, PBCH content and decoding performance, and network assistance information) would be beneficial. Therefore, a complete evaluation of the performance is still pending on a final initial access design in RAN1. 
[bookmark: _Ref484615699]Observation 1: Complete evaluations of the cell search and measurement performance in RAN4 are still pending on a final initial access design in RAN1.

· PBCH
RAN1 had agreed on a UE-transparent single antenna port based transmission scheme for PBCH. The DMRS for PBCH shares the same antenna port with PSS and SSS, and also exists in every OFDM symbol carrying PBCH. There are some information agreed in PBCH payload, such as SFN, timing information of its SS block and RMSI scheduling information, but there are more contents still FFS. Furthermore, Polar code was agreed to be the channel coding used for PBCH.

In RAN1, there are still some open issues that will have big impact on UE behavior/complexity as well as RAN4 RRM work.  
· The mapping order of PSS, SSS and PBCH is important because the RE location of PBCH DMRS will determine the time/frequency tracking performance in the SS block. As a consequence, it affects the performance requirement for UE UL Tx timing. On the other hand, a parallel discussion on time/frequency tracking RS may bring impact on UE UL Tx timing, as well.
· The exact designs of PBCH DMRS, e.g., the RE pattern, sequence and power offset to SSS, are still open in RAN1 now. Since RAN1 has agreed that SSS-block RSRSP could be based on PBCH-DMRS. The final design could bring some impact to the RSRP performance requirements, in addition to UE UL Tx timing.
[bookmark: _Ref484615980]Observation 2: Mapping order of PSS, SSS and PBCH as well as the final design of PBCH DMRS will bring impact to the performance requirements for RSRP measurement and UE UL Tx timing.

· Some PBCH contents like information regarding bandwidth part and Information on the number of actual transmitted SS blocks are still open. The information allows UE to better understand the structure of a SS burst set, e.g.,
· the number of SS blocks that are transmitted in wideband CC in the frequency domain, and
· the number of SS blocks that are transmitted in a SS burst set and perhaps their exact locations in time,
which may provide UE opportunities for improving the efficiency in both cell search and measurements. We believe these decisions would be critical when discussing the requirements. In the mean time, RAN2 discussed the need of PBCH decoding during measurement in RAN2#98 meeting. Concerns on handover performance and UE power consumption were capture in the LS [1]. It is still open that if the time index is needed by the UE for every measurement sample (assuming that it can change in every TTI), and if the UE also need to acquire the time index in the idle/inactive mode. So far, it is possible that UE needs to try all possible SS block occasions for cell search and/or measurements, even if a PBCH is already decoded correctly. 
· Other parameters regarding the decoding performance of PBCH, such as number of OFDM symbol, payload size and coderate. The number of symbols for PBCH is not formally agreed yet. The decoding performance of PBCH could be a key factor on the false alarm rate of cell detection as well as the efficiency in both cell search and measurements. 
[bookmark: _Ref484616201]Observation 3: The decoding performance of PBCH and the content in MIB will have the impact on UE’s cell search and measurement efficiency, which is one of the key factors that determines the requirements to be defined in RAN4. 

· Structure of SS block/burst and burst set
The structure of SS block, burst and burst set is important to UE during the initial access process. RAN1 has agreed that PSS, SSS and PBCH exist in every SS block with PSS mapped before SSS. All SS blocks in a SS burst set are confined to a 5ms window. The max number of SS blocks in a SS burst set is L =4, 8 or 64, depending on carrier frequency. The number of possible SS block time locations in a slot is at most 2 for SCS 15, 30 and 120 KHz and 4 for SCS 240KHz, while the exact locations are still FFS. Furthermore, it was agreed to support single and multiple SS block transmissions in wideband CC in the frequency domain. UE can be informed of the presence/parameters of the SS block(s).

Similarly, there are still some open issues that will impact UE behavior/complexity and RAN4 RRM works:
· The exact time location of SS block in a slot is still not concluded. The decision is expected to impact UE’s cell detection procedure, such as how and when to determine the locations of remaining SS blocks, the slot boundaries and SS burst set boundaries, after successfully decoding one PBCH.
· The exact time location of all SS block in the 5ms window is still open, e.g., whether all SS blocks are transmitted successively in time, starting from the beginning of the 5ms window, or they can be arbitrary distributed in any legal occasions in the 5ms window. There could be other possibilities. Anyhow, we see some difference on UE complexity and potential impact to the requirements.
· The time location of the 5ms window in the SS burst set. The longest SS burst set periodicity is 160 ms. Therefore, if the exact time location of the 5ms window is unknown to UE, UE needs to try to detect the SS block within a 160 ms interval. Comparing with LTE, in which the existence of synchronization signals is guaranteed in an arbitrary 5ms window, the complexity increases hugely. Moreover, the measurement gap length may also need to be extended according to the periodicity, resulting a significant degradation in scheduling opportunities in the serving cells. Signaling UE the assistance information about the time location of 5ms window can increase the efficiency of cell detection and measurement, reduce UE complexity hugely and ease the design of measurement gap in RAN4. However, this part is still pending on RAN1’s decision. 
[bookmark: _Ref484617753]Observation 4: In assistance information about the time location of 5ms window would be essential for increasing the efficiency of UE’s cell detection and measurement and easing the design of measurement gap in RAN4. 

[bookmark: _Ref484617903]Proposal 1: RAN4 to send an LS to RAN1/2 on the need of assistance information about the time location of 5ms window
3	Mobility 
· SS block RSRP
RAN1 has agreed that SSS and PBCH DMRS will share the same antenna port. Based on the understanding in LTE, having 2 signals with the same antenna port implies the channel experienced by these 2 signals is exactly the same. It is an even stronger binding than QCL, which only covers some channel statistics. 
However, there might be a power offset between SSS and PBCH DMRS. It is still open in RAN1 that 
· Whether there will be a finite set of power offset values or not
· Whether UE need to blind detection the power offset, or the offset will be signaled to UE
If the offset is going to be signaled, the exact channel, e.g., in MIB, RMSI (remaining system information, e.g., for RACH) or dedicated RRC, is also important. For an example, UE may not be expected to read RMSI in idle mode. RAN4 needs to discuss how the performance should be defined, after RAN1 finishes the design on SS block and conclude the SS block RSRP definition in TS38.214.
[bookmark: _Ref484617757]Observation 5: RAN1’s conclusion on power offset between SSS and PBCH DMRS is critical for RAN4 to specifying the performance. 

· CSI-RS RSRP
In RAN1, there are some configurations on CSI-RS for RRM measurement for L3 mobility agreed: NR Cell ID, time offset and periodicity, antenna ports, time/frequency resource, bandwidth, parameters for sequence generation. The design of CSI-RS for L3 mobility reuses the design for beam management as a baseline. Furthermore, RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement. In the mean time, RAN2 has agreed that the use of CSI-RS for RRM and the CSI-RS configurations will be provided in the measurement object. 

One issue still open is whether CONNECTED UE needs to report CSI-RS RSRP for detected cells, which are the cells not listed in the signaling package of measurement object but detected by UE. RAN1 listed some possible methods for UE to determine the parameters for CSI-RS configurations for detected cells. Although some details about the relation to beams are still missing. If this is going to be agreed in RAN1, then there is a new UE behavior for NR. RAN4 can further discuss if some corresponding requirements would be needed.

· Filters
RAN2 has agreed that the cell-level quality is derived by averaging best N detected beams above absolute threshold, if N > 1. No additional filter is introduced between the L1 filters and cell quality derivation. In our opinion, the value of N is a key parameter related to UE capability and measurement delay. Since RAN4 is now discussing system-level simulation plan for the UE capabilities such as number of beams to measure and number of cells to measure. It is a good timing for RAN4 to also discuss a proper value of N based on both UE complexity and system-level simulation results. Moreover, additional configurable per-beam filter is introduced after the L1 filter for the purpose of reporting beam measurement results. The exact parameters for controlling the filter should be considered when RAN4 design the test cases.
[bookmark: _Ref485315324]Proposal 2: RAN4 to discuss the value of N and the relevant impact to measurement delay.
6	Summary 
In this paper, we summarize the progress in RAN1 and RAN2 agreement and also point out open issues that may potentially impact RAN4 RRM work. We have the following observations:

Observation 1: Complete evaluations of the cell search and measurement performance in RAN4 are still pending on a final initial access design in RAN1.

Observation 2: Mapping order of PSS, SSS and PBCH as well as the final design of PBCH DMRS will bring impact to the performance requirements for RSRP measurement and UE UL Tx timing.

Observation 3: The decoding performance of PBCH and the content in MIB will have the impact on UE’s cell search and measurement efficiency, which is one of the key factors that determines the requirements to be defined in RAN4.

Observation 4: In assistance information about the time location of 5ms window would be essential for increasing the efficiency of UE’s cell detection and measurement and easing the design of measurement gap in RAN4.

Observation 5: RAN1’s conclusion on power offset between SSS and PBCH DMRS is critical for RAN4 to specifying the performance.

Proposal 1: RAN4 to send an LS to RAN1/2 on the need of assistance information about the time location of 5ms window

Proposal 2: RAN4 to discuss the value of N and the relevant impact to measurement delay.
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