3GPP TSG RAN WG1 Meeting #86

                                               
R1-166844
Gothenburg, Sweden, 22nd-26th August 2016
______________________________________________________________________ Agenda item: 7.2.4.2.2
Source: LG Electronics

Title: Discussion on CSI reporting enhancements for hybrid CSI-RS
Document for: Discussion and Decision
1. Introduction

In RAN1#85 meeting, following working assumption and conclusions are captured in the chairman’s note regarding the hybrid CSI-RS for Rel-14 eFD-MIMO.
	Working assumption:
· Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)

· FFS: whether RI is reported for CLASS A 

· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)

· At least one more mechanism is supported, to be discussed in RAN1#86

Conclusion:

· Candidate mechanisms to consider in RAN1#86

· Mechanism 2A: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type

· For the 1st eMIMO-Type, depending on the value of K

· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 2B: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type

· For the 1st eMIMO-Type, depending on the value of K

· K=1: 

· Option 1: i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks

· Option 2: CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 3:  for hybrid CSI with one CSI process, CLASS A or CLASS B K=1 for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported 

· For the 2nd eMIMO-Type:  two options

· Option 1: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported

· Option 2: CQI/PMI/RI for a CSI-RS resource 

· Mechanism 4: Hybrid CSI reporting with CSI process pair 

· UE calculates CSI for only one CSI process at a time

· Mechanism 5: the proposal in R1-165617

· Other mechanisms are not precluded

· Down select from the above mechanisms and/or options in RAN1#86

· Each proposal should include clear description on use case(s) and specification impact

· For CLASS B K=1, proponent needs to clarify whether both codebook options are applicable for not.


In this contribution, we further discuss CSI reporting enhancements for hybrid CSI-RS for eFD-MIMO and provide evaluation result for hybrid Class A and Class B.
2. Discussion on hybrid Class A and Class B
One type of hybrid CSI-RS based schemes is joint utilization between NP CSI-RS (Class A) and BF CSI-RS (Class B). Note this can already be utilizable by configuring two Rel-13 CSI processes, one with Class A, and the other with Class B. Specifically, the first CSI process with Class A can be configured with a NP CSI-RS resource which has relatively larger periodicity, and the second CSI process with Class B can be configured with a BF CSI-RS resource which has a short periodicity. UE’s CSI feedback is performed independently per CSI process, but eNB may utilize the reported PMI from the first CSI process to be used for beamforming coefficients applied to the BF CSI-RS in the second CSI process.

There are two alternatives for hybrid Class A and Class B. One is using one CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters, and the other one is an additional mechanism for CSI calculation applied to a configuration with a pair of CSI processes each of which is configured with 1 eMIMO-Type. For more efficient CSI reporting, one unified CSI process for Hybrid Class A and Class B is preferable. 

Proposal 1: Confirm working assumption for hybrid Class A and Class B with K=1.

One possible design of the unified CSI process for hybrid CSI-RS based operation is that it consists of at least two CSI-RS resources, e.g., NP CSI-RS1 and BF CSI-RS2 with MR-ON, where W1 reporting is performed based on NP CSI-RS1, and RI/W2/CQI reporting is performed based on BF CSI-RS2. Aperiodic CSI reporting for the unified CSI process can be performed based on the latest measurements on CSI-RS1 and CSI-RS2, meaning W1 derived from the latest NP CSI-RS1 may not be reflected yet to BF CSI-RS2, but the reported W1 can be utilized for determining next BF coefficients to be applied on BF CSI-RS2 by eNB implementation.

For periodic CSI reporting, one full report can still consist of 3 reporting instances, but W1 derived from NP CSI-RS1 may need to be reported in the first instance. Here, CSI derivation from NP CSI-RS1 can be have a rank-1 restriction. The second and third reporting instances can correspond to RI reporting and W2/CQI reporting, respectively, derived from BF CSI-RS2. Note the periodicity of W1 reporting can be an integer multiple of RI reporting periodicity for BF CSI-RS2. For subband reporting mode, a similar reporting order of the necessary CSI types can be defined. If legacy mode 2-1 is to be reused, only the W1 reports are derived from NP CSI-RS1 and the rest of CSI reporting types are derived from BF CSI-RS2. In this periodic CSI reporting chain, reporting intervals between W1 and other CSI need to be guaranteed to be sufficiently separated in its configuration such that eNB can utilize the latest reported W1 to be applied on BF CSI-RS2 transmission. If RI is reported in the 1st eMIMO-type, CSI feedback overhead at 2nd eMIMO-type will be reduced at the expense of possible performance degradation when the channel variation is non-negligible. Thus, reporting RI at the 2nd eMIMO-type is more preferable.  

Proposal 2: In hybrid Class A and Class B (K=1), RI is reported for 2nd eMIMO-type.

3. Discussion on hybrid Class B and Class B

Another type of hybrid CSI-RS based schemes is joint utilization between different types of BF CSI-RS (Class B). Note this can already be utilizable by configuring two Rel-13 CSI processes, one with Class B K>1 with low duty cycle, and the other with Class B with K=1 UE-specific BF CSI-RS and MR-ON. Specifically, the first CSI process with Class B and K>1 can be configured with K BF CSI-RS resources which have relatively larger periodicity, and the second CSI process with Class B K=1 can be configured with a BF CSI-RS resource which has a short periodicity. UE’s CSI feedback is performed independently per CSI process, but eNB may utilize the reported PMI and the corresponding CRI from the first CSI process to be used for beamforming coefficients applied to the BF CSI-RS in the second CSI process.

One possible design of the unified CSI process for the hybrid BF CSI-RS based operation is that it consists of K+1 BF CSI-RS resources, where UE’s CSI feedback is based on a default CSI-RS resource, and CRI reporting is based on the remaining K CSI-RS resources. Aperiodic CSI reporting for the unified CSI process can be performed based on the latest measurements on the K+1 BF CSI-RS resources, meaning applied beam direction corresponding to the reported CRI from the K CSI-RSs may not be reflected yet to the default BF CSI-RS, but the reported CRI information can be utilized for determining next beam coefficients to be applied on the default CSI-RS by eNB implementation.

For periodic CSI reporting, only the CRI reporting from the K CSI-RSs can be added on a separate reporting instance or jointly on an existing RI reporting based on the configured periodic CSI feedback chain for the default BF CSI-RS.

Proposal 3: Hybrid Class B (K>1) and Class B (K=1) can also be considered as an additional hybrid CSI-RS scheme.
4. Evaluation results for hybrid Class A and Class B (K=1)
In this section, we provide performance results for hybrid Class A and Class B (K=1) CSI-RS reporting with (4,4,2,32) antenna port configuration. As a baseline, pure Class A reporting with Class A codebook Config 3 is considered. Table 1 exhibits overhead comparison between baseline and hybrid Class A and Class B with various values of Class A CSI-RS reporting periodicity. In this comparison, cell reuse factor of 3 is considered. Obviously, larger periodicity of Class A reporting provides the smaller CSI-RS overhead. 
Table 1: Overhead comparison for hybrid Class A and Class B CSI-RS reporting with (4,4,2,32) with cell reuse factor 3
	
	Baseline
	20ms
	50ms
	100ms

	# of REs for NZP and ZP CSI-RSs in Class A
	32*3
	32*3
	32*3
	32*3

	# of REs for NZP and ZP CSI-RSs in Class B
	-
	8*3
	8*3
	8*3

	Class A CSI-RS reporting periodicity [ms]
	5
	20
	50
	100

	average CSI-RS overhead (REs/RB/subframe)
	19.2
	9.6
	6.72
	5.76
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Figure 1. Performance comparison with various values of Class A reporting periodicity for 3D-UMi with cell reuse factor 3
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Figure 2. Performance comparison with various values of Class A reporting periodicity for 3D-UMa with cell reuse factor 3
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Figure 3. Performance comparison with various values of Class A reporting periodicity for 3D-UMi with cell reuse factor 1
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Figure 4. Performance comparison with various values of Class A reporting periodicity for 3D-UMa with cell reuse factor 1
Figure 1 and 2 show the performance comparison between baseline and hybrid scheme for 3D-UMi and 3D-UMa, respectively. In the evaluation, 3-cell reuse factor is considered, and thereby the overhead reduction is large and the other cell interference is relatively small compared to the case of cell reuse factor 1. For 3D-UMi scenario, hybrid scheme provides at most 18.7% and 36.1% performance gain over baseline in terms of mean UE and 5% UE throughput, respectively, at medium load, and at most 24.8% and 55.6% performance gain over baseline for mean UE and 5% UE throughput, respectively, at high load case. Similar trends can be observed for 3D-UMa scenario. 
Firgure 3 and 4 show the performance comparison between baseline and hybrid scheme for 3D-UMi and 3D-UMa, respectively. In the plot, we consider cell reuse factor 1. For 3D-UMi scenario, hybrid scheme provides at most 3.2% and 6.8% performance gain over baseline in terms of mean UE and 5% UE throughput, respectively, at medium load, and at most 3.8% and 8.9% performance gain over baseline for mean UE and 5% UE throughput, respectively, at high load case. More performance gain and similar trend can be obtained for 3D-UMa case. Comparing Table 1 and Figure 1-4, significant performance gain mainly comes from the CSI-RS overhead reduction in hybrid CSI-RS reporting. Considering that the performance degradation from cell reuse factor 3 to 1 is quite large, it is beneficial to apply such hybrid CSI-RS scheme in conjunction with 3 cell reuse environment in the performance perspective.
Observation 1: For hybrid Class A and Class B, Class A reporting periodicity of 50ms exhibits the best trade-off between overhead reduction and channel aging. 
Observation 2: Hybrid Class A and Class B is beneficial even in the case of cell reuse factor 1, and is shown to have much larger performance gain with cell reuse factor 3.  
5. Conclusion
In this contribution, we further discussed CSI reporting enhancements for hybrid CSI-RS for eFD-MIMO and provided evaluation results for hybrid Class A and Class B (K=1) for eFD-MIMO. The observation and proposals based on the discussion are given below:
Observation 1: For hybrid Class A and Class B, Class A reporting periodicity of 50ms exhibits the best trade-off between overhead reduction and channel aging. 
Observation 2: Hybrid Class A and Class B is beneficial even in the case of cell reuse factor 1, and is shown to have much larger performance gain with cell reuse factor 3.  
Proposal 1: Confirm working assumption for hybrid Class A and Class B with K=1.

Proposal 2: In hybrid Class A and Class B (K=1), RI is reported for 2nd eMIMO-type.

Proposal 3: Hybrid Class B (K>1) and Class B (K=1) can also be considered as an additional hybrid CSI-RS scheme.
Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz, 3D-UMa with ISD = 500m in 2GHz

	BS antenna configurations 
	Antenna elements config: (4,4,2,32), X-pol (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) 

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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