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1 Introduction

In last RAN4 meeting, such test cases were achieved for Class B CSI-RS enhancements:
	· Test1: Introduce CSI test case for CSI-RS density reduction  based on existing Class B K=1 PMI test case

· Pending on UE capability for supporting CSI-RS density reduction , either pass existing Class B K=1 PMI test case or new test case with CSI-RS density reduction

· Test2: Introduce new CSI test case for aperiodic CSI-RS mechanism based on existing Class B K=1 PMI test case

·  Two NZP CSI-RS resources are configured and activated at the same time when measuring Tue , and TE randomly selects one of the two CSI-RS resource at each aperiodic CSI-RS transmission. In case UE supports only Nmax = 1, only one CSI-RS resource is activated and used.

· Test3: Introduce new CSI test case for “multi-shot” CSI-RS mechanism based on existing Class B K=1 PMI test case

· Two NZP CSI-RS resources are configured, and one of the two CSI-RS resources is activated in the alternating way when measuring Tue .


In this contribution, we provide further analysis for test cases design and simulation results for class B PMI with CSI-RS density reduction.
2 Discussion
2.1 Test case design
CSI-RS resources configurations for aperiodic and multi-shot CSI-RS resources
As agreed in last RAN4 meeting, new CSI test cases will be introduced for aperiodic and multi-shot NZP CSI-RS resources of Class B. These test cases are agreed to be introducing based on existing Class B K=1 PMI test cases. Following RAN1/RAN2 agreements, 2 steps required for multi-shot and 3 steps required for aperiodic CSI-RS resources

· First of all through RRC signalling, number of K CSI-RS resources will be defined. For aperiodic NZP CSI-RS resources, RRC signalling only indicate the Class B NZP CSI-RS reference signal configurations without sub-frame offset.  
· Then through MAC signalling, N CSI-RS resources will be selected out of K CSI-RS resources and activated/deactivated through MAC command.
· For aperiodic CSI-RS, One out of N CSI-RS resources is selected via the UL-related DCI.A UL grant carries a CSI request and indicates transmission of one CSI-RS resource if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested. 
The number of activated aperiodic CSI-RS resource/Rel-13 CSI-RS resources  (N)(out of K RRC-configured aperiodic CSI-RS resources) are limited by nMaxResource indicated by UE, also limited by K and Nmax (UE capability).

nzp-CSI-RS-AperiodicInfo-r14


SEQUENCE {



nMaxProc-r14






INTEGER(5..32),



nMaxResource-r14





ENUMERATED {ffs1, ffs2, ffs3, ffs4}


}


















OPTIONAL,


nzp-CSI-RS-PeriodicInfo-r14



SEQUENCE {



nMaxResource-r14





ENUMERATED {ffs1, ffs2, ffs3, ffs4}

Based on above RRC signalling, {1, 2, 3, 4} can be indicated by UE for the max number of activated of CSI-RS resources of aperiodic and multi-shot.

In order to simplify spec, we propose to only activate one CSI-RS resource during ‘multi-shot’ and aperiodic CSI test cases to ensure such test case applicable for all UEs with different capabilities.

Proposal 1: During test, NumberActivatedCSI-RS-Resources configured as 1 for both ‘Multi-shot” and aperiodic NZP CSI-RS test cases of Class B
· For aperiodic CSI-RS test case, through RRC configured 2 CSI-RS resources, and during test through MAC CE, random selected one of CSI-RS resources activated (fixed during test)
· For multi shot test case, through RRC configured 2 CSI-RS resources, and during test through MAC CE, random selected one of CSI-RS resources activated/released in an alternative way 
According to RAN1 agreements, when UE receiving activation/deactivation commands, the minimum delay for UE assumption on CSI-RS transmission assumption and cessation of CSI-RS transmission is 8ms. For multi-shot CSI-RS test cases, we propose to fix the activation/deactivation commands in sub-frame#0 every per 1000 radio frames. 
Proposal 2: For multi shot test case:

· Through MAC CE, one of these two periodic NZP CSI-RS resources will be activated and the other one will be deactivated in an alternative way. The activation and deactivation command will be transmitted in sub-frame #0 per 1000 radio frames.
· Per 1000 radio frames, the latest reported PMI in previous sub-frame is applied for the subsequent downlink sub-frames after the deactivation/activation command until a new PMI is available.
Regarding test requirements, it’s straightforward to reuse legacy requirements for aperiodic and multi shot test cases since these test cases are functionality tests which have no impact on performance requirements. 
Proposal 3: Reusing existing test requirements (Class B K=1)  for multi-shot and aperiodic CSI-RS test cases.
For CSI-RS density reduction of Class B test, compared to legacy test, CSI-RS resource density has been changed to be half; the impact on performance has been compared to in below section.
2.2 Simulation results 
Figure 1 and 2 below give absolute throughput and relative throughput ratio with and without CSI-RS density reduction.
	
[image: image1]
Figure 1: Absolute throughput 
	
[image: image2]
Figure 2: Relative throughput ratio


Based on above initial results, required SNR points and relative throughput ratio with and without CSI-RS density reduction were summarized in tables below. We can observe that, the performance difference between CSI-RS density reduction and legacy test case is marginal. 
	SNR [dB]/TP ratio
	4Tx

	
	CSI-RS density 1
	CSI-RS density 1/2

	70% relative TP
	2.5 dB/1.43
	2.4 dB/1.46


Proposal 4: Reusing existing test requirements (Class BK=1) for Class B density reduction PMI test case.

3 Conclusion

In this contribution, we provide further analysis for test cases design and simulation results for class B PMI with CSI-RS density reduction.

Proposal 1: During test, NumberActivatedCSI-RS-Resources configured as 1 for both ‘Multi-shot” and aperiodic NZP CSI-RS test cases of Class B
· For aperiodic CSI-RS test case, through RRC configured 2 CSI-RS resources, and during test through MAC CE, random selected one of CSI-RS resources activated (fixed during test)

· For multi shot test case, through RRC configured 2 CSI-RS resources, and during test through MAC CE, random selected one of CSI-RS resources activated/released in an alternative way 
Proposal 2: For multi shot test case:

· Through MAC CE, one of these two periodic NZP CSI-RS resources will be activated and the other one will be deactivated in an alternative way. The activation and deactivation command will be transmitted in sub-frame #0 per 1000 radio frames.
· Per 1000 radio frames, the latest reported PMI in previous sub-frame is applied for the subsequent downlink sub-frames after the deactivation/activation command until a new PMI is available.
Proposal 3: Reusing existing test requirements (Class B K=1)  for multi-shot and aperiodic CSI-RS test cases.
Proposal 4: Reusing existing test requirements (Class BK=1) for Class B density reduction PMI test case.
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