3GPP TSG-RAN WG4 Meeting #84
                                         R4-1707358
Berlin, Germany, 21 - 25 August, 2017

Agenda Item:
9.6.6.2
Source:
Intel Corporation
Title:
Discussion on NR RSRP definition
Document for:

Discussion
1 
Introduction
In the last RAN4 adhoc meeting, how to define RSRP in NR was discussed and the agreements below were achieved [1]. 

	Agreement: for RSRP and CSI-RSRP definitions for NR
· The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA 
· For conducted, the reference point for definition can be antenna connectors.
· FFS whether the definition should be differentiated across frequency ranges
· FFS whether to include averaging in time domain in the defintion:
· FFS whether RSRP definition should be per SS block, per beam, or per cell
· FFS whether CSI-RSRP definition should be per cell or per beam


Therefore, in this contribution the further discussion on these open issues related to RSRP in NR will be provided.
2 Discussion 
2.1. FFS whether to include averaging in time domain
In LTE when RAN4 defined RRM measurement accuracy requirements, the averaging over the measurement samples every 40ms within a measurement reporting period (e.g. 200ms) was assumed. This can improve the measurement accuracy in comparison to the results without any L1 filtering.

In NR, SS block with different SS block index may be transmitted with different beamforming. Therefore, UE received power varies accordingly. It is not very much meaningful to derive SS block RSRP by the linear average over SS blocks with different Tx beamforming. Instead, it is proposed to average the RSRP measurement over SS blocks with the same SS block index across different SS block burst sets.  
Proposal 1: When SS block is beamformed, SS RSRP should be obtained based on SS blocks with the same SS block index.

However, for sub-6GHz band, it is possible that SS block is transmitted Omni-directionally (i.e. without beamforming). If there are multiple SS blocks per SS burst set period, UE should be allowed to average RSRP across SS blocks within the same SS burst set period. 
Proposal 2: When SS block is not beamformed, SS RSRP should be obtained based on SS blocks with any SS block index.

Since UE may take different RSRP measurement mechanisms, it is desirable that NW should be able to inform UE if Tx beamforming is used or not for SS block transmission. Without this information, UE has to assume that SS block with different index is beamformed differently. This will introduce some unnecessary performance degradation when SS block is transmitted omni-directionally.   
Furthermore, the impact of the wider system bandwidth in NR was discussed [2]. Since the measurement bandwidth of SS block is fixed, if CBW is too large, it is questionable if SS block based RSRP can fully represent the channel quality across whole CBW. In the figure below, the scenarios in NR and LTE are compared in terms of the ratio between RSRP based on minimum measurement bandwidth and whole CBW. For LTE case, RSRP ratio is obtained based center 72 REs vs. 1200 REs (20MHz). For NR, RSRP ratio is obtained based on center 144 RE vs. 4096RE. Obviously, compared to LTE, single SS block based RSRP cannot well represent the channel condition of whole CBW.   
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Fig 1. RSRP comparison between NR and LTE
Observation 1: Compared to LTE, single SS block based RSRP cannot well represent the channel condition of whole CBW.  
2.2. FFS whether RSRP definition should be per SS block, per beam, or per cell
Generally different mobility types need to be considered for NR. UE will need to move between different beams, TRPs (Transmission reception Point), gNBs within same or across different frequency layers. That is the reason why multiple types of RSRP will be introduced for the different mobility managements. 

Based on RAN1/2 discussion, SS block based RSRP can serve two purposes. One is to quantify the channel quality of the target cell. The other is used for beam identification. If the reported RSRP is associated with a specific beam (or SS block) index, NW will be able to identify a single or a group of beams which result in the best channel quality to the UE. As aforementioned, averaging RSRP across SS blocks with different Tx beamforming is not very meaningful to help NW understand the channel condition. In this case, it is better to have per-beam based SS block RSRP. However, NW should guarantee that the SS blocks with identical SS block index will be transmitted with the same Tx beamforming.    
Proposal 3: If SS block is beamformed, NW should guarantee that the SS block with identical SS blocks index are transmitted with the same Tx beamforming.
Proposal 4: If SS block is beamformed, per-beam based RSRP should be defined. 
2.3. FFS whether CSI-RSRP definition should be per cell or per beam
For CSI-RSRP there are some important agreements in RAN1 below [1]. 
	CSI-RS RSRP : measured RSRP from CSI-RS in CONNECTED mode
- configured using dedicated RRC signaling
- time synchronization reference is the frame/slot/symbol timing of a cell
- cell ID for time reference of CSI-RS(s) is informed to the UE
- The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management
- CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam
management


Similar arguments as SS block based RSRP, the beam management with CSI-RS RSRP is the one of the most important usage to be considered. 

Proposal 5: Per beam CSI RSRP shall be defined for RRC_CONNECT.

3 Conclusion
In this contribution some consideration on NR RSRP definition and requirements was provided. The following observations and proposals can be drawn: 
Proposal 1: When SS block is beamformed, SS RSRP should be obtained based on SS blocks with the same SS block index.
Proposal 2: When SS block is not beamformed, SS RSRP should be obtained based on SS blocks with any SS block index.

Proposal 3: If SS block is beamformed, NW should guarantee that the SS block with identical SS blocks index are transmitted with the same Tx beamforming.
Proposal 4: If SS block is beamformed, per-beam based RSRP should be defined. 
Proposal 5: Per beam CSI RSRP shall be defined for RRC_CONNECT.

Observation 1: Compared to LTE, single SS block based RSRP cannot well represent the channel condition of whole CBW.  
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