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Introduction
The primary goal for enhancement of beam correspondence capability (BC) for Rel.16 is to ensure that the FR2 UE can perform beam refinement based on reference signal configured by the network. In this contribution we focus on CSI-RS design to support beam correspondence in the UE.
Discussion
In release 15, a UE could use either SSB or CSI-RS for UE DL Rx (‘P3’) beam refinement as a precursor to UL Tx beam choice. For Rel.16, the intent of FR2 WID (see annex) is to ensure UE can use the ‘reference signal configured by the network’. Consequently, a supporting UE would have as many ‘modes’ of beam refinement as there are reference signals. Namely:
· The UE should be able to rely on SSB alone for beam refinement
· The UE should be able to take advantage of CSIRS for beam refinement
We address SSB-based beam correspondence in a companion paper [4]. In this contribution, we focus on CSI-RS based BC. We build on CSI-RS framework established in [1], to address unresolved details.

We had previously observed [3] that CSI-RS configuration for BC must be revisited for Rel.16 due to oversights in rel-15 CSI-RS design.
Observation 1: CSI-RS configuration from Rel.15 is not directly applicable to Rel. 16 BC test.

Due to dependence of various functionality on SSB, and lack of guaranteed periodicity of CSI-RS P3 triggers in the field, we deduced that the SSB’s mandatory status must be respected [3] even during verification test.
Observation 2: A UE cannot be deprived of SSB during Rel.16 BC test.

QCL rules for CSI-RS for beam management
All allowed TCI states for CSI-RS for BM are implemented in 5.1.5 of TS38.214 as below, which informs that UE behaviour with regard to spatial Rx filter is not defined when QCL-TypeD is not configured.
	For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block.



When the UE is configured with higher layer parameter NZP-CSI-RS-ResourceSet and when the higher layer parameter repetition is set to 'off', the UE shall determine a CRI (CRI CSI-RS resource indicator) from the supported set of CRI values and report parameter can be set to ‘CRI(s) and L1-RSRP(s)’. For CSI-RS based L1-RSRP, RRM requirements and test environment are defined in 9.5.4.2 in TS38.133 as below.
	The UE shall be capable of performing L1-RSRP measurements based on the configured CSI-RS resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_CSI-RS.
…
-	For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply if qcl-InfoPeriodicCSI-RS is configured for all the resources in the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
…
-	For aperiodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=1. UE is not required to meet the accuracy requirements in clause 10.1.19.2 and 10.1.20.2 if number of resources in the resource set is smaller than maxNumberRxBeam. The requriements apply provided qcl-info is configured for all resources in the resource set.
…



Observation 3: Beam management CSI-RS cannot be configured without QCL association
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Proposal for CSI-RS for beam management
Based on the observation 3, we first provide a typical example of FR2 beam management when P1, P2, and P3 NZP-CSI-RS resources for BM are configured. In Fig. 1, P1 CSI-RS is QCL’ed with SSB which was detected by a UE and used for an initial access procedure. A narrow T/Rx beam refinement and CSI-RS based Beam Correspondence after RRC configuration can be described as follows.

1) Step-1 for SSB Tx beam acquisition and tracking based on P1 CSI-RS
The UE periodically or opportunistically monitors multiple CSI-RS resources, QCL’ed with SSBs, in the P1 CSI-RS resource set and reports CRI(s) and L1-RSRP(s) for the serving cell gNB’s SSB Tx beam acquisition or tracking.

2) Step-2 for gNB’s finer T/Rx beam acquisition based on P2 CSI-RS
The gNB transmits P2 CSI-RS resources whose Tx spatial filter is applied based on the reported P1 CRI. In other words, P2 CSI-RS is eventually QCL’ed with SSB via P1 CSI-RS. Note that here P2 CSI-RS spatial filter can form a narrower beam than the QCL’ed P1 CSI-RS one, and different P2 CSI-RS resources have different angles of departure.

3) Step-3 for UE’s finer T/Rx beam acquisition based on P3 CSI-RS
The gNB transmits P3 CSI-RS resources whose Tx spatial filters are identical to that of the reported P2 CRI. Again, P3 CSI-RS is eventually QCL’ed with SSB via P2 CSI-RS and P1 CSI-RS. Then the UE refines its Rx narrow beam so that it can be best matched with the gNB’s Tx narrow beam. Note that P3 CSI-RS resources should be configured in accordance with the UE’s capability.

4) Step-4 for CSI-RS based Beam Correspondence Test
After beam refinement procedure, the UE transmits PUSCH, scheduled by DCI 0-1, applying the refined Tx narrow beam based on the configured CSI-RS for BM. The transmitted PUSCHs passed through the UE’s Tx spatial filter are used for the EIPR measurement by a System Simulator.

Here, different SNRs between SSB and P1/P3 CSI-RS resources are also considered in Fig.1 to accommodate option 3 of [3], which can be configured by RRC parameter powerControlOffsetSS. For convenience, option 3 of [3] is to tailor SNR of all reference signals to mimic deployment conditions, and discourage use of SSB, which can address the concern that UE may use SSB instead of configured CSI-RS resources for beam management.
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Figure 1. A typical example of FR2 beam management when P1, P2, and P3 NZP-CSI-RS resources for BM are configured.

As shown in Fig.1, however, effective CSI-RS based BC test time window will be shrunk due to P1 and P2 CSI-RS measurements, reports, and so on. It becomes more serious when P1 and/or P2 CSI-RSs are periodically transmitted. As P1 CSI-RS doesn’t play an important role in the test, it can be considered to not configure P1 CSI-RS, as depicted in Fig.2, so that Step-1 is skipped, which is expected to be easily found in real deployment scenarios. It is noteworthy that reducing beam correspondence test time is also another important aspect considering the current beam corresponding test takes several hours.
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Figure 2. A practical example of FR2 beam management when P2 and P3 NZP-CSI-RS resources for BM is configured.

On top of that, taking into account the fact that CSI-RS based Beam Correspondence is not a test case to assess UE’s CSI-RS based RSRP measurement accuracy which will be evaluated by another test procedure defined in TS38.133, omitting Step-2 can be further considered as Fig.3. 
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Figure 3. An example of FR2 beam management for P3 NZP-CSI-RS based time efficient Beam Correspondence Test.

In summary, the table from [1] can be filled in as below in table 2.2-1.
Table 2.2-1. Parameters for CSI-RS based Beam Correspondence Test
	Parameter
	Rel-15 value 
(for reference)
	Approved WF [1]
	Proposals
	Justification

	P1 CSI-RS periodicity
	Not defined
	Alt.1: 20 ms
	P1 CSI-RS is not configured unless all infra enable it, instead aperiodic P2 CSI-RS can be considered if necessary
	P1 CSI-RS won’t make a big difference to CSI-RS based BC performance but increases test time

	P3 CSI-RS repetitions per resource set
	8
	Alt.1: 8 [R4-1912403]
Alt.2: according to UE capability [R4-1910767]
	greater than or equal to maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand and less than or equal to maxNumberAperiodicCSI-RS-Resource in UE capability IE of BeamManagementSSB-CSI-RS
	Respect UE capability declaration. Besides, UE is not required to meet L1-RSRP accuracy if it is smaller than maxNumberRxBeam, and it should not exceed  maxNumberAperiodicCSI-RS-Resource as per TS38.133.

	P3 CSI-RS configuration repetition
	on
	on
	on
	

	P3 CSI-RS trigger
	Not defined
	Alt.1: Reuse Rel-15 P3 CSI-RS once for every P1 cycle
Alt.2: FFS
	once every SSB cycle


	UE refines its narrow beam after adjusting Rx beam based on SSB

	Tracking CSI-RS periodicity
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120 kHz SCS: 80 for CSI-RS resources 1 and 2
	Alt.1: reuse Rel-15 [R4-1912403]
Alt.2: FFS [R4-1910767]
	reuse Rel-15
	

	P3 CSI-RS QCL info
	Type D to SSB
	FFS
	If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB
	See section 2.1 and 2.2

	P1 CSI-RS QCL info
	Not defined
	FFS
	P1 CSI-RS is not transmitted unless all infra enable it.

	See section 2.1 and 2.2



Proposal 1: Parameters for CSI-RS based Beam Correspondence test shall be per Table 2.2-1

On relative SNR of SSB and CSI-RS
Another issue that needs to be taken care of is how RAN4 test ensures UE uses CSI-RS, not SSB-only, for beam refinement. In order to resolve the concern, option 3 of [3] was proposed in the previous meeting and its high-level concept is incorporated in Fig. 1. As shown in Fig.1, UEs that use SSB for beam refinement instead of configured CSI-RS for BM will experience severe performance degradation in terms of DL-based Beam Correspondence, which leads to Rel.16 BC failure. Therefore, Rel.16 BC with CSI-RS can be verified with differentiating SNR between SSB and CSI-RS while having the fewest deviations from deployment condition and maintaining feasibility with existing test set up assumption. One way to have SNR offset between SSB and CSI-RS is to update the parameter powerControlOffsetSS of CSI-RS resources from 0dB, defined for Rel.15 BC, to 3dB or 6dB. However, it should be also carefully considered that any potential side impact will not arise due to SNR difference, e.g. manipulated SNR may cause RLM issue depending on RLM resource configurations and/or other side condition. Based on the observation, we propose to have further discussion on specific values for powerControlOffsetSS and SSB SNR, e.g. 0dB of SSB SNR and 6dB of CSI-RS SNR, to ensure UE uses CSI-RS for BM.
Proposal 2: Parameters pertaining to SNR are FFS
· powerControlOffsetSS of P1 and P3 CSI-RS resources is XdB where X is either 3 or 6 
· SSB SNR is YdB where Y = [0]dB
· X and Y will be determined in RAN4#94 meeting striving to reuse the Rel.15 BC EIRP requirement in terms of ∆EIRPBC CDF

Conclusion
A Rel.16 FR2 UE would have as many ‘modes’ of beam refinement as there are reference signals. Namely:
· The UE should be able to rely on SSB alone for beam refinement
· The UE should be able to take advantage of CSIRS for beam refinement
We found that testing for SSB-based BC is not challenging, but CSI-RS configuration may need to be revisited.
Observation 1: CSI-RS configuration from Rel.15 is not directly applicable to Rel.16 BC test.
Observation 2: A UE cannot be deprived of SSB during Rel.16 BC test.
Based on UE behaviour defined in TS38.214 and RRM requirements in TS38.133, it can be said RAN4 cannot assume beam can be properly managed by using CSI-RS for BM without QCL relationship.
Observation 3: Beam management CSI-RS cannot be configured without QCL association
We propose detailed parameters of CSI-RS configuration to assess Rel.16 CSI-RS based Beam Correspondence performance under a practical deployment scenario while ensuring UE utilizes CSI-RS for BM.
Proposal 1: Parameters for CSI-RS based Beam Correspondence test shall be as captured in Table 2.2-1, and reproduced below in compact form
	Parameter
	Approved WF [1]
	Proposals

	P1 CSI-RS periodicity
	Alt.1: 20 ms
	P1 CSI-RS is not configured unless all infra enable it, instead aperiodic P2 CSI-RS can be considered if necessary

	P3 CSI-RS repetitions per resource set
	Alt.1: 8 [R4-1912403]
Alt.2: according to UE capability [R4-1910767]
	greater than or equal to maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand and less than or equal to maxNumberAperiodicCSI-RS-Resource in UE capability IE of BeamManagementSSB-CSI-RS

	P3 CSI-RS trigger
	Alt.1: Reuse Rel-15 P3 CSI-RS once for every P1 cycle
Alt.2: FFS
	once every SSB cycle



	Tracking CSI-RS periodicity
	Alt.1: reuse Rel-15 [R4-1912403]
Alt.2: FFS [R4-1910767]
	reuse Rel-15

	P3 CSI-RS QCL info
	FFS
	If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB

	P1 CSI-RS QCL info
	FFS
	P1 CSI-RS is not transmitted unless all infra enable it.




In order to ensure UE uses CSI-RS for BM, we propose to have further discussion on specific values for SNR parameters.
Proposal 2: Parameters pertaining to SNR are FFS
· powerControlOffsetSS of P1 and P3 CSI-RS resources is XdB where X is either 3 or 6 
· SSB SNR is YdB where Y = [0]dB
· X and Y will be determined in RAN4#94 meeting striving to reuse the Rel.15 BC EIRP requirement in terms of ∆EIRPBC CDF
Reference
[1] R4-1913049, “WF on beam correspondence in Rel-16,” Apple Inc., Qualcomm Incorporated, Samsung, Sony, RAN4#92bis, Chongqing, China, Oct. 2019
[2] R4-1910352, “CR to TS 38.101-2: Implementation of endorsed draft CRs from RAN4#92 (Rel-15),” Qualcomm Incorporated, RAN4#92, Ljubljana, SI, Aug. 2019
[3] R4-1910767, “Rel-16 FR2 Beam Correspondence Enhancement”, Qualcomm, RAN4#92bis, Chongqing, China, Oct. 2019
[4] R4-1913145, “FR2 Beam Correspondence using SSB only” Qualcomm, RAN4#93, Reno, NV, USA, Nov. 2019


Annex
The objectives from the Rel.16 WID for FR2 UE RF is excerpted below:
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4.1 Objective of Sl or Core part WI or Testing part WI

The purpose of this work item is to specify the following FR2 UE requirements
- Enhancements methods for avoiding radio link failures and connection releases due to significant and
unpredictable UE P-MPRs due to the FR2 UE RF exposure compliance reasons

> This work is started after RAN#84 when the Rel-15 requirements are completed

FR2 UE requirements for contiguous intra-band DL CA for aggregated bandwidth larger than 1400 MHz
- FR2 UE requirements for non-contiguous intra-DL CA for ageregated bandwidth larger than 1400 MHz FR2 UE
requirements for contiguous UL CA
- FR2 UE requirements for non-contiguous intra-band UL CA
> Phase 1: Study if both simultancous UE transmission on ageregated UL carriers and_non-simultancous
transmission on aggregated UL carriers with UE switching between fwo non-contiguous carriers could and
should be specified. Study potential impacts of non-simultancous transmission on RAN1 and/or RAN2
specifications
> Phase 2: Define FR2 UE requirements for non-contiguous intra-band UL CA based on the outcome of the
Phase 1 study
- FR2 UE requirements for inter-band DL CA
- FR2 UE requirements for inter-band UL CA
> Phase 1: Study if both simultancous UE transmission on ageregated UL carriers and_non-simultancous
transmission on aggregated UL carriers with UE switching between two carriers could and should be
specified. Study potential impacts of non-simultancous transmission on RAN1 and/or RAN2 specifications
> Phase 2: Define FR2 UE requirements for inter-band UL CA based on the outcome of the Phase 1 study
- Enhance FR2 UE MPR requirements by balancing with in-band emission requirements

This work item will also study, if FR2 UE spherical coverage requirements for PC3 for >20%-tile can be defined.




