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1 Introduction
In the previous RAN4 meetings (RAN4#82bis and RAN4#83), the receiver antenna port number was extensively discussed under the RF agenda, and the related agreement was captured in [1]. For RRM and performance requirements, the receiver antenna port number is also a fundamental parameter to run the simulations and decide the requirements. But in RRM part it was not fully discussed. So in this contribution we would like to have further discussion on it, especially for RRM and performance requirements.
2 Discussion
2.1 Previous agreements for NR UE in sub-6GHz in WI
For sub-6GHz the agreement is that it is proposed to specify UE with 4Rx for 3.5GHz in Rel-15 NR WI, and 2Rx should be considered as a baseline.
· Observation 1: There was an initial agreement on the number of receiver antenna ports for RAN4 requirements and 4Rx (four receiver antenna ports) are included.
2.2 Review of LTE approach to specify 4Rx requirements
In LTE, 2Rx was assumed as the basic configuration from the beginning. Although the 4Rx and 4x4 MIMO was supported in the RAN1 specification since Rel-8, the work item to specify the 4Rx UE requirements was approved in Rel-13 (in December 2014). Finally a limited number of necessary 4Rx requirements were added on top of 2Rx requirements as well as the connection method and applicability rule aiming at reusing the existing 2Rx requirements.
For the RF requirements, the 4Rx requirements (the new reference sensitivity, ACS, blocking, spurious response and inter-modulation requirements) are specified in a band specific manner in TS36.101, and only a set of LTE bands will support 4Rx including Band 1, 2, 3, 7, 20, 21, 25, 39, 40, 41 and 42. And Implementation of 4 antenna ports for all operating bands supported by the UE is not mandated.
For the RRM requirements, 2Rx requirements and test cases are reused by connecting 2 of 4Rx of a UE with data source from the test equipment during the test. Only the RLM test cases were updated for 4Rx.

For the demodulation requirements, most of the existing 2Rx requirements were reused with a SNR offset and by duplicating the fading channel from each Tx antenna and add independent noise for each Rx antenna. Especially for the UE only supporting 4Rx bands, a limited number of new demodulation and CSI requirements were specified in 8.10 and 9.9 of TS36.101.
The above approach is a trade-off between the test coverage and workload, and based on the LTE backward compatibility and the fact that most LTE UEs can support multiple bands which include both 2Rx and 4Rx bands.
But the drawback is that 4Rx performances with all the LTE features are not fully verified. Some features combined with 4Rx were not covered, e.g., CoMP and MIMO enhancement with 4Rx. In LTE, 4Rx is viewed as a feature rather than the basic configuration or parameter, and to minimize the test case number usually the requirements for the combination of features will be skipped in RAN4. Following that approach, the new LTE features will be covered by 2Rx based requirements in the future.

· Observation 2: In LTE, 2Rx was used as the baseline. The 4Rx requirements were specified like inserting a patch and thus not all the LTE features are and will be covered by 4Rx requirements.
2.3 LTE performance with 4Rx
According to the study, the performance gain of 4Rx compared to 2Rx is significant. In Figure 1, we provide the link level performance comparison. It can be observed about 5dB gain of 4Rx compared to 2Rx in the fading channels as shown in Figure 1 [2]. Not only the SNR combination gain but also the receiver diversity contributes the gain. 
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Figure 1: 4Rx performance gain compared to 2Rx
To support 256QAM, the operating SNRs with 2Rx (2x2) are around 24~25dB as shown in 8.2 and 8.3 of TS36.101, while the required SNRs with 4Rx are around 17~18dB. And as shown in [3] where the 256QAM performances with 4Rx were compared with 2Rx under the same conditions, around 4dB gain was observed across all the test cases and the operating SNRs for 256QAM were below 17dB. So by using 4Rx the 256QAM operating SNR will be lowered to a reasonable level and thus 256QAM could be the more widely used.
In Figure 2, we provide the system level simulation results to compare the cell average throughput and the cell edge throughput between 4Rx and 2Rx under the different transmit antenna numbers. The system simulation assumptions are provided in the Annex. It can be observed that the cell average and cell edge throughput can be improved by 40%~60%. So the utilization of 4Rx means not only higher throughput (by supporting higher rank) but also the good coverage.
· Observation 3: Utilization of 4Rx can significantly improve the downlink performance in terms of both system level performance and link level performance for both cell center and cell edge UEs.
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Figure 2: 4Rx system level performance compared to 2Rx

3 4Rx requirements for NR UE
3.1 4Rx requirements to be specified
In RAN4, part of the NR core requirements and most performance requirements could vary with the receiver antenna numbers (e.g., two or four) including:
· RF requirements: 

· Sensitivity requirement

· Other requirements including ACS, blocking, spurious response and inter-modulation, which are based on the sensitivity requirement.

· RRM core requirements

· Cell identification delay

· Beam identification delay

· Measurement period

· Requirements including SI reading period such as interruption in paging reception, re-establishment, and CGI reading
· RRM performance requirements

· Measurement accuracy, e.g., RSRP/RSRQ/RSSI

· RLM test cases

· All the other RRM test cases

· All the demodulation and CSI requirements

3.2 Proposals
In our understanding, most companies are interested in 4Rx for NR UE, since 4Rx can bring in the significant gain compared to 2Rx. And we think that to promote NR over LTE is the common interest of the whole industry. To meet that goal, promoting 4Rx could be an efficient way, because LTE uses 2Rx as a baseline.

Promoting 4Rx is feasible. First of all, R15 is the first NR release so there is no backwards compatibility issue, which is different from the LTE case where 4Rx was not introduced at the outset. Second, one of the most outstanding bands for NR is C-band and most likely NR will be widely deployed on C-band. For LTE, Band 42 is specified in part of C-band spectrum. On LTE Band42, 4Rx has already been supported. And due to higher frequency, the form factor would not be limited to mount 4 antennas within a UE.

So based on the above analysis, we propose that

· Proposal 1: Specify the full set of 4Rx NR conducted RRM and demodulation performance requirements in Rel-15.

For LTE when the RRM and demodulation performance requirements are specified, the band agnostic principle is adopted. But for NR the larger frequency range will be supported and the UE architecture would vary significantly with the supported frequency range. For mmWave the radiated requirements rather than the conducted requirements will be introduced. So at least it is difficult to apply the band agnostic principle for sub-6GHz and mmWave in terms of RRM and performance requirements.

Even for sub-6GHz, we would like to be more pragmatic. In our view the first batch of sub-6 bands for NR deployment would include C-band and the band around 2.5GHz. For those bands, implementing 4Rx would be feasible and both belong to LTE 4Rx bands. So it seems reasonable to specify 4Rx requirements on those bands. But for the lower bands, 2Rx is still needed. It seems difficult to preclude 2Rx requirements.
In our view, to define both set of requirements for 2Rx and 4Rx would be unnecessary but how to balance the performance and workload needs further discussion. 

Although 2Rx may still be needed, most likely NR UE will support multiple bands in the future, which would include C-band. And if 4Rx was supported in C-band, that band can be used for 4Rx performance testing. So we consider that the whole set of 4Rx RRM and demodulation requirements can be specified, and in addition the limited number of 2Rx requirements can be specified as complementary. In Rel-15, targeting at the possible early deployed NR bands, e.g., C-band and Band41, we would like to prioritize 4Rx when specifying NR conducted RRM and performance requirements to ensure timely completion of work and achieve the better system performance.
· Proposal 2: Prioritize 4Rx when specifying NR conducted RRM and performance requirements in Rel-15.
4 Conclusion

In this contribution, we discuss the receiver antenna number especially 4Rx for specifying RRM and demodulation performance requirements. We have the following observations and proposal:
· Observation 1: There were initial agreements on the number of receiver antenna ports for RAN4 requirements and 4Rx (four receiver antenna ports) are included.
· Observation 2: In LTE 2Rx was used as baseline. The 4Rx requirements were specified like inserting a patch and thus not all the LTE features are and will be covered by 4Rx requirements.
· Observation 3: Utilization of 4Rx can significantly improve the downlink performance in terms of both system level performance and link level performance for both cell center and cell edge UEs.
· Proposal 1: Specify the 4Rx NR conducted RRM and demodulation performance requirements in Rel-15.
· Proposal 2: Prioritize 4Rx when specifying NR conducted RRM and performance requirements in Rel-15.
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6 Annex: System level simulation assumptions
In this section, we provide the simulation assumptions for system level simulation. The assumptions are provided in Table 1.

Table 1 System level simulation parameters
	Parameter
	Assumption

	Cellular Layout
	19 sites, 3 sectors per site

	Simulation scenarios
	3GPP Case1 

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	Antenna configuration
	2×2, 4×2, 8×2, 4×4, 8×4, cross-polarization
BS: 0.5 Lambda  MS: 0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel  estimation
	Real channel estimation

	MU-MIMO
	Maximum paired MU-MIMO user number is 4, and one layer per user

	HARQ
	Maximum 4 transmission

	Receiver algorithm
	MMSE-IRC


