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1	Introduction
In RAN4 #84 meeting, the following agreement is captured in way forward [1], i.e., 
	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 definition:
· 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



And in RAN4 #84 meeting, due the existence of the parallel discussion in RAN1, RAN4 discussion are focusing on reference point and measurement procedure for OTA test, and the following agreement is reached [2]: 
	[bookmark: OLE_LINK152][bookmark: OLE_LINK153]Way Forward on RSRP
· Leave the RSRP acronym to RAN1 to decide.
· SSS based RSRP is the baseline for simulation alignment purpose.
· SSS+DMRS of PBCH based RSRP evaluation is not precluded



Furthermore, in RAN4’s approved LS to RAN1 [5], the following principles are captured to reflect the common understanding in RAN4, which should be considered in final RSRP definition: 
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]RAN4 opinion is that when multiple antenna elements are combined for analogue, digital or hybrid RX beamforming purposes (as for example in an antenna panel), the measurement definition should assume that RSRP and CSI-RSRP measurements are performed on the combined signal. Where multiple receiver branches are used in the measurement (for example where signals are received from multiple antenna panels) the same approach as LTE should be used (the reported value shall not be lower than the corresponding RSRP of any of the individual branches).



In this paper, we would like to provide our analysis on the NR measurement metrics of SS-RSRP and CSI-RSRP and give our views on related issues. 

2 Related RAN1 Agreement
Based on the email thread to discuss TS 38.215 in RAN1 email reflector, the following version of text proposals are agreed [3], here we excerpt the part related to signal strength discussion: 
	[bookmark: _Toc492257598]5.1.1	SS Reference Signal Received Power (SS-RSRP)
	Definition
	SS reference signal received power (SS -RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS).	Comment by Intel: The actual naming will be further discussed in RAN1.	Comment by Intel: Need to decide whether “average” or “linear average” should be used in all measurement definitions. 

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5].

[bookmark: OLE_LINK7]SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

[The reference point for the SS-RSRP shall be the antenna connector of the UE.	Comment by Intel: To be confirmed by RAN4

[If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding SS-RSRP of any of the individual diversity branches.]

	Applicable for
	[RRC_IDLE intra-frequency,	Comment by Intel: To be confirmed by RAN2
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency]


NOTE 1: 	The number of resource elements within the measurement period that are used by the UE to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

[bookmark: _Toc477438365][bookmark: _Toc492257599]5.1.2	CSI Reference Signal Received Power (CSI-RSRP)
	Definition
	CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.

For CSI-RSRP determination CSI reference signals transmitted on antenna ports [300X, 300Y, 300Z] according to 3GPP TS 38.211 [4] shall be used.	Comment by Intel: To be updated based on TS 38.211 antenna port indexing for CSI-RS.

[The reference point for the CSI-RSRP shall be the antenna connector of the UE.	Comment by Intel: To be confirmed by RAN4

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RSRP of any of the individual diversity branches.]

	Applicable for
	[RRC_CONNECTED intra-frequency,	Comment by Intel: To be confirmed by RAN2
RRC_CONNECTED inter-frequency]


NOTE 1: 	The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine CSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.




Based on the above text proposal (including the comments provided by original Tdoc), RAN4 should continue the discussion on the following aspects: 
- Reference point for OTA requirement in measurement metrics definition
- The way to capture the RAN4 agreement that “The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA”
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Furthermore, we believe it is still in RAN4 scope to confirm the aspect of measurement reference resource from UE implementation perspective. 
Observation 1: Based on parallel RAN1 discussion, RAN4 should focus on following aspects for SS-RSRP and CSI-RSRP: 
- Reference point for OTA requirement in measurement metrics definition;
- The way to capture the RAN4 agreement that “The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA”;
- To confirm measurement reference resource from UE implementation perspective. 

3 [bookmark: OLE_LINK34][bookmark: OLE_LINK35]Reference Point Definition for OTA Requirement
Based on our understanding, it is better to not mention the frequency range in the definition, i.e., to avoid mentioning below 6GHz and above 24GHz. The reasons are two-folds: Firstly, the definition is directly linked with the existence of “antenna connector” like LTE, rather than frequency range; secondly, based upon RAN plenary’s agreement, it is dependent on operators’ demand on the frequency range between 6GHz and 24GHz, and whether OTA or conductive requirement to be provided is still pending. 
Secondly, considering the agreement from mmWave UE architecture, at least both antenna panel and dipole antenna array are possible options, so it is straightforward not to mention this in describing RX beamforming. 
Then, we propose the following wording for reference point definition: 
· If UE has an antenna connector, the reference point for the SS-RSRP shall be the antenna connector of the UE; otherwise, the reference point for SS-RSRP shall depend on UE implementation. If multiple antenna elements are combined for RX beamforming, SS-RSRP shall be measured based on the combined signal. 
For the part of receiver diversity, RAN1’s text proposal addresses the scenario with diversity branches and left UE’s implementation flexibility for different diversity handling methods, which is aligned with our understanding. Hence, the text proposal could be: 
	Definition
	…

If UE has an antenna connector, the reference point for the SS-RSRP shall be the antenna connector of the UE; otherwise, the reference point for SS-RSRP shall depend on UE implementation. If multiple antenna elements are combined for RX beamforming, SS-RSRP shall be measured based on the combined signal.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding SS-RSRP of any of the individual diversity branches.

	Applicable for
	…



4 [bookmark: OLE_LINK181][bookmark: OLE_LINK182]Measurement Reference Resource
As we discussed above, it is in RAN4’s scope to confirm the aspect of measurement reference resource from UE implementation perspective. Firstly, it should be noted that the metrics’ definition is L1-RSRP definition, which could be utilized for both RRM and beam management purpose. Based on our understanding, this is also the major reason why RAN1 has the text proposal as “SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.” 
Observation 2: SS-RSRP definition is to define L1-SS-RSRP definition, which is based on the measurement among reference signals corresponding to SS/PBCH block with the same SS-block index and the same physical-layer cel identity.

4.1 Multiple SS-Blocks for Wideband Operation 
It should be noted that wideband operation is one of the most important features in NR. The impact of introducing wideband operations should be considered for the difference between LTE and NR. 
As agreed in RAN1/4, gNB should operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs, thus multiple SS-Blocks being needed. Furthermore, to avoid all small BW capability UEs are camped on the same SS-Block (for anchor bandwidth part), multiple SS-Blocks are also needed. Specifically, the following agreement is captured in RAN1’s Hangzhou meeting chairman notes: 
	RAN1 Agreement: 
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration 



Based on the above agreement, the following procedure in below figure will be applied for CA UE, i.e., UE indicate wideband capability via CA operation and NW activates additional SS-block in the allocation. These SS blocks are referred to “default SS blocks” and the BW part is referred to an “anchor BW part.” A default SS blocks and the anchor BW part may be determined in a UE specific manner, and they are used for the UE’s normal mode of operations.
[image: ]
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Figure 3. Illustration of wideband operation for CA-based UE

Furthermore, to facilitate the above wideband operation, for frequency domain, even multiple SS-Blocks with the same SS-block index are configured for a wideband CC of a UE, it should be up to UE implementation whether or not the power contribution from additional SS-block could be considered for SS-RSRP measurement
Proposal 1: For multiple SS/PBCH blocks in frequency domain within a wideband carrier for a UE, the number of SS/PBCH blocks that are used to determine SS-RSRP is left up to the UE implementation. 

Accordingly, to define RAN4 requirement, the simulation shall use one SS/PBCH block in frequency domain as baseline for simulation alignment purpose. 
Proposal 2: For SS-RSRP measurement, RAN4 use one SS/PBCH block in frequency domain as baseline for simulation alignment purpose. 

5 Draft LS to RAN1
Based on the above analysis, the above-mentioned analysis should be included in RAN4’s LS to RAN1, with the following highlighted text taken into account in SS-RSRP definition: 
	Definition
	…

If UE has an antenna connector, the reference point for the SS-RSRP shall be the antenna connector of the UE; otherwise, the reference point for SS-RSRP shall depend on UE implementation. If multiple antenna elements are combined for RX beamforming, SS-RSRP shall be measured based on the combined signal.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding SS-RSRP of any of the individual diversity branches.

	Applicable for
	…


NOTE 1: 	The number of resource elements within the measurement period that are used by the UE to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
NOTE 3:   For multiple SS/PBCH blocks in frequency domain within a wideband carrier for a UE, the number of SS/PBCH blocks that are used to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

6 Conclusion
In this paper, we give our analysis and proposals for the NR measurement metrics and related issues. Specifically for the issues related SS-RSRP/CSI-RSRP definition, we have the following observation and proposals: 
Observation 1: Based on parallel RAN1 discussion, RAN4 should focus on following aspects for SS-RSRP and CSI-RSRP: 
- Reference point for OTA requirement in measurement metrics definition;
- The way to capture the RAN4 agreement that “The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA”;
- To confirm measurement reference resource from UE implementation perspective. 
Observation 2: SS-RSRP definition is to define L1-SS-RSRP definition, which is based on the measurement among reference signals corresponding to SS/PBCH block with the same SS-block index and the same physical-layer cel identity.

Proposal 1: For multiple SS/PBCH blocks in frequency domain within a wideband carrier for a UE, the number of SS/PBCH blocks that are used to determine SS-RSRP is left up to the UE implementation. 
Proposal 2: For SS-RSRP measurement, RAN4 use one SS/PBCH block in frequency domain as baseline for simulation alignment purpose. 

Based on the above analysis, the above-mentioned analysis should be included in RAN4’s LS to RAN1, with the following highlighted text taken into account in SS-RSRP definition: 
	Definition
	…

If UE has an antenna connector, the reference point for the SS-RSRP shall be the antenna connector of the UE; otherwise, the reference point for SS-RSRP shall depend on UE implementation. If multiple antenna elements are combined for RX beamforming, SS-RSRP shall be measured based on the combined signal.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding SS-RSRP of any of the individual diversity branches.

	Applicable for
	…


NOTE 1: 	The number of resource elements within the measurement period that are used by the UE to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
NOTE 3:   For multiple SS/PBCH blocks in frequency domain within a wideband carrier for a UE, the number of SS/PBCH blocks that are used to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
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