3GPP TSG-RAN WG4 Meeting #92-Bis						R4-1912312
Chongqing, CN, 14th – 18th October 2019
	

Source:	Sony, Ericsson
Title:	Views on Beam Correspondence 
Agenda item:	8.14.2
Document for:	Approval
1 Background
The new Rel-16 work item on NR RF Requirement Enhancements for FR2 in [1] has the following objectives for enhancing FR2 UE Beam Correspondence requirements in Rel-16.

	· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network
· This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed
· UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.
· These requirements are only valid from Rel-16 onwards



In this contribution we share our views on the UE RF requirement for beam correspondence with SSB only and CSI-RS only 
2 Discussion
The downlink reference signal for beam correspondence in network
The beam correspondence requirement for Rel-15 has been extensively discussed. It has been agreed to use both SSB and CSI-RS in the test system, where SSB slots are time multiplexed with CSI-RS slots [2]. With the agreed test setup, the UE can use both reference signals to select the uplink beam. However, as it has been pointed out in [3], the physical layer specifications were designed so that the network configures and indicates the DL reference signal or signals UEs should use for beam correspondence. Up to the implementation of network, the UE may only be able to use either SSB or CSI-RS or both signals to autonomously select the uplink beam. Therefore, it is necessary to test the beam correspondence in SSB only and CSI-RS only scenarios. 
The RF requirement for beam correspondence with SSB only and CSI-RS only
There are two factors would impact on the uplink spherical coverage: 1. If the UE can select the correct beam. 2. If the UE can form a “fine” beam with only SSB or only CSI-RS. 
2.1.1 The capability of UE to form a “fine” beam 
The concept of “fine” beam and “rough” beam has been discussed in RRM test, and the difference between the two type of beams has also been quantified.  The rel-15 requirement on beam correspondence assumes that the UE transmit over “fine” beams, and some concerns on whether the UE can form a “fine” beam with SSB only or CSI-RS only case has been raised in RAN4#92. 
The physical layer specification leaves the network to configure the DL reference signals for the UE, which means that there can exist SSB or CSI-RS for the UE to use to select its uplink beam in the network. Therefore, it is necessary for the UE to form a “fine” beam with only SSB and only CSI-RS for at least PUSCH transmission, where PUSCH is the measured channel for Rel-15 beam correspondence test [4].  
[bookmark: _GoBack]Observation1: 	The UE should be able to generate fine beam for at least PUSCH transmission with SSB-only case and CSI-RS-only case. 
2.1.2 The capability of UE to choose an optimal beam 
The UE selects its uplink beam based on the L1-RSRP, e.g., SS-RSRP or CSI-RSRP. Therefore, the accuracy on the L1-RSRP will decide the capability of the UE to select the optimal uplink beam. In our previous contribution for defining the side-condition for Rel-15 [5], it has been analyzed that the accuracy of L1-RSRP depends on the level of SNR and number or density of resource elements (RE). A simulation showing how RSRP accuracy varies with SNR and number of RE is shown in Fig. 1, where the simulation setup detail can be found in [5]. Therefore, if the SNR condition and number or density of RS can be set to be a reasonable combination, the UE should be able to select the optimal beam regardless either the reference signal is SSB or CSI-RS. 
[image: ]
[bookmark: _Ref16608918] Figure 1. Simulation on RSRP standard deviation value based on SNR.

As it has already been suggested in [6], RAN 4 should identify the typical SSB and CSI-RS configuration which can represent the RS density of the Rel-15 requirement as a baseline, and adjust the SNR as side condition without changing the requirement which has already been defined in Rel-15. 
For CSI-RS only test, a typical Resource Type of CSI-RS configuration in the network is aperiodic, which will require the repetition to be “on” in order for the UE to use it for beam selection, and this has already been the case for Rel-15 beam correspondence test. Therefore, the agreed SSB and CSI-RS configuration for rel-15 can be taken as a baseline for further study. 
Proposal 1: 	Re-use rel-15 beam correspondence requirement for rel-16 SSB only and CSI-RS only test for PUSCH transmission. 
Proposal 2: 	RAN 4 should identify the typical SSB and CSI-RS configuration and adjust the SNR as side condition without changing the requirement which has been defined in Rel-15. The agreed SSB and CSI-RS configuration for Rel-15 can be taken as a baseline for further study. 
3 Beam correspondence test reduction
If the beam correspondence test for SSB only case and CSI-RS-only case would be defined in the end, the UE needs to test its transmission spherical coverage three times. This will cause a large burden on the compliance and extend the test time. If the UE can meet the beam correspondence requirements with SSB only case and CSI-RS only case, it has shown that the UE has the capability to choose the beam that is “good enough”. Then, the UE should also meet the beam correspondence requirement with both SSB and CSI-RS in Rel-15. Therefore, the test with both SSB and CSI-RS can be skipped.
Proposal 3: 	For UE can meet beam correspondence requirement with SSB only and CSI-RS only scenario, the Rel-15 beam correspondence test with both SSB and CSI-RS can be skipped. 

4 Beam correspondence for initial access
The beam correspondence in Rel-15 is based on the power in PUSCH. The requirement is also derived based on the UE transmit over a “fine” beam. Therefore, the current test cases cannot exam the beam correspondence performance of UE in PRACH in initial access, which is also usually transmitted over a “rough” beam. Notice that the beam correspondence can be even more critical for initial access than in connected mode since there is no uplink beam sweeping procedure that can be used, and it is critical for the delay in the initial access procedure as was analyzed in [7]. The test of beam correspondence in initial access will be discussed in [8]. 
Observation 2: 	The Rel-15 beam correspondence test does not cover the beam correspondence for initial access.
Proposal 4: 	Considering the importance of beam correspondence in the initial access, RAN4 shall define the test and requirement for beam correspondence for the initial access. 
5 Conclusion
In this contribution we have discussed the beam correspondence requirement for rel-16. The following observation and proposal have been given:
Observation1: 	The UE should be able to generate fine beam for at least PUSCH transmission with SSB-only case and CSI-RS-only case. 
Observation 2: 	The Rel-15 beam correspondence test does not cover the beam correspondence for initial access.
Proposal 1: 	Re-use rel-15 beam correspondence requirement for rel-16 SSB only and CSI-RS only test for PUSCH transmission. 
Proposal 2: 	RAN 4 should identify the typical SSB and CSI-RS configuration and adjust the SNR as side condition without changing the requirement which has been defined in Rel-15. The agreed SSB and CSI-RS configuration for rel-15 can be taken as a baseline for further study. 
Proposal 3: 	For UE can meet beam correspondence requirement with SSB only and CSI-RS only scenario, the Rel-15 beam correspondence test with both SSB and CSI-RS can be skipped. 
Proposal 4: 	Considering the importance of beam correspondence in the initial access, RAN4 shall define the test and requirement for beam correspondence for the initial access. 
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