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1
Introduction
As part of the study on test methods for NR [1], the discussion on the demodulation test scope has been ongoing for a number of meetings.  During the RAN4 AH #1801 meeting a decision on the demodulation test setup scope was captured in [4]:

[image: image1]
In an effort to further clarify the UE reporting requirements for baseband testing, this contribution proposes the applicable parameters.

2
Discussion

Looking into the related aspects, it is understood that the “pure baseband” option for the demodulation baseline system relies on UE reports of power measurement per receiver port.  Thus, from the point of view of UE chipset design, it is desirable to ensure that any UE reports are based on existing NR reference signals and to avoid unnecessary implementation impacts it is desirable to reuse existing measurements as much as possible.

TS 38.215 [3] has already defined the UE measurement capabilities which are applicable to RSRP measurements including SS-RSRP and CSI-RSRP:
Table 1: Definition of SS-RSRP from 38.215

	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). The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

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.

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. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,

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.

Table 2: Definition of CSI-RSRP from 38.215

	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 port [300X] or antenna ports [300Y], [300Z] according to 3GPP TS 38.211 [4] shall be used. 

For frequency range 1, the reference point for the CSI-RSRP shall be the antenna connector of the UE. For frequency range 2, CSI-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported CSI-RSRP value shall not be lower than the corresponding CSI-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,

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.

In any test setup, the gNB emulator is expected to provide the SS/PBCH to the UE, and it is reasonable to rely on this signal to define the UE measurement capability necessary to support the “pure baseband” demodulation test methodology. The “pure baseband” demodulation test methodology setup step is expected to occur while the UE is in the RRC_CONNECTED state (and also with the UE beam lock activated). 
There is one inconsistency between the SS-RSRP measurement definition and the UE reporting requirement for baseband testing that we can observe: while the SS-RSRP measurement is specified to report a value not lower than the corresponding SS-RSRP of any of the individual receiver branches, the baseband testing approach needs to report SS-RSRP per receiver branch. Thus, a new UE measurement is needed to measure the SS reference signal received power per branch (SS-RSRPB). 
The existing SS-RSRP measurement involves power measurements using SS, PBCH DMRS and additionally configured CSI-RS. For the purposes of the SS-RSRPB measurements SS-based measurements could be sufficient and FFS if additional RS should be used.
The definition of the new SS-RSRPB measurement is provided below.
Table 3: Proposed definition of SS-RSRPB

	Definition
	SS reference signal received power per branch (SS-RSRPB) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS). The measurement time resource(s) for SS-RSRPB are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

For SS-RSRPB 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-RSRPB 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.

SS-RSRPB 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. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRPB measurements, then SS-RSRPB is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, SS-RSRPB is not defined. For frequency range 2, SS-RSRPB shall be measured for each receiver branch based on the combined signal from antenna elements corresponding to the receiver branch.

	Applicable for
	RRC_CONNECTED intra-frequency


NOTE 1:
The number of resource elements within the measurement period that are used by the UE to determine SS-RSRPB 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.

Similarly, the CSI-RSRP measurement can be used to satisfy the reporting requirement for demodulation testing. The definition of a potential CSI-RSRPB measurement is provided below.
Table 4: Definition of CSI-RSRPB from 38.215

	Definition
	CSI reference signal received power per branch (CSI-RSRPB), 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-RSRPB determination CSI reference signals transmitted on antenna port [300X] or antenna ports [300Y], [300Z] according to 3GPP TS 38.211 [4] shall be used. 

For frequency range 1, CSI-RSRPB is not defined. For frequency range 2, CSI-RSRPB shall be measured for each receiver branch based on the combined signal from antenna elements corresponding to the receiver branch.

	Applicable for
	RRC_CONNECTED intra-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.

In an effort to maintain the measurement requirement more generic, our preference is to define the requirement as SS-RSRPB.
Proposal 1: The UE reporting requirement to support baseband testing is defined as SS-RSRPB with the definition provided in Table 3. An LS to RAN1 with this table is needed.
Because the number of reported values for the SS-RSRPB report corresponds to the number of receiver branches of the UE, this information should be made clear.  Also, since RAN5 is expected to design the associated test loop signaling in the RAN5 specification, this information should be sent to RAN5.

Proposal 2: The signaling associated with reporting SS-RSRPB is in a format which allows the UE to report a vector of values, where the number of the reported values equals to the number of receiver branches on the UE. An LS to RAN5 with this information is needed.

The remaining issue, then, becomes the definition of the corresponding measurement accuracy requirement for SS-RSRPB.  One approach is to reuse the existing requirement for SS-RSRP. However, it is not clear whether the existing measurement accuracy will be sufficient to control the SNR precisely enough. Some additional studies might be needed.
Proposal 3: The measurement accuracy requirement for SS-RSRPB is reused from SS-RSRP. Whether there is an impact on the ability of the demodulation setup to control the SNR precisely enough should be studied in RAN4.
In an effort to reflect this UE reporting requirement in the currently ongoing UE system design efforts, it is preferred to define SS-RSRPB in TS 38.215 and to include the relevant test loop signaling in the RAN5 conformance testing specification.  Due to the selection of the “pure baseband” demodulation test methodology, all FR2 UEs are required to support this measurement in order to pass demodulation performance requirements.  Thus, the visibility of the measurement definition in the physical layer specification is needed.
Proposal 4: The definition of SS-RSRPB has core physical layer design impact on the UE, and it is recommended to capture its definition in TS 38.215. The additional information regarding signaling needs to be provided to RAN5. An LS to RAN1 and RAN5 is provided in [5].
3
Conclusions

This paper has further clarified the UE reporting requirements for baseband testing and proposed the applicable parameters.  The following proposals have been made:

Proposal 1: The UE reporting requirement to support baseband testing is defined as SS-RSRPB with the definition provided in Table 3. An LS to RAN1 with this table is needed.

Proposal 2: The signaling associated with reporting SS-RSRPB is in a format which allows the UE to report a vector of values, where the number of the reported values equals to the number of receiver branches on the UE. An LS to RAN5 with this information is needed.

Proposal 3: The measurement accuracy requirement for SS-RSRPB is reused from SS-RSRP. Whether there is an impact on the ability of the demodulation setup to control the SNR precisely enough should be studied in RAN4.

Proposal 4: The definition of SS-RSRPB has core physical layer design impact on the UE, and it is recommended to capture its definition in TS 38.215. The additional information regarding signaling needs to be provided to RAN5. An LS to RAN1 and RAN5 is provided in [5].
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Proposals


Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.


Assumes max rank 2 with cross polarized transmission


Rank 2 spatial MIMO would not be included


As a starting point an isotropic UE antenna pattern is assumed


Proposal 2. Methodology for RRM testing in FR2 is further discussed during the SI.


UE reporting requirements for baseband testing


In order to set up a two stream radiated connection to the DUT which does not include the antenna pattern it is necessary to use a cross-polarized point source transmission an then invert the channel matrix to enable independent control of the signals reaching each baseband receiver


To do this requires that the UE supports power measurement reporting per receiver port in a similar way to the RSAP measurement defined in 36.978 for LTE (but not based on CRS)


This UE measurement is sufficient to adopt proposal 1


The relative phase between receivers is not required to calibrate the basic connection


Relative phase is required to enable UE antenna pattern measurement


UE antenna pattern measurement is not required for isotropic antenna pattern emulation








