Page 1

3GPP TSG-RAN WG1 #85
R1-164431
23rd – 27th May 2016
Nanjing, China
Agenda item:
6.2.3.2.2
Source: 
Qualcomm Incorporated
Title: 
Discussion on Hybrid CSI-RS based Operation for eFD-MIMO
Document for:
Discussion and Decision
1 Introduction

In 3GPP RAN1#84bis meeting, the following agreements were made for CSI reporting for hybrid CSI-RS:
Agreements:

· Specify at least one of the following enhancements on Rel.14 CSI reporting:

· One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters

· Each eMIMO-Type is associated with a set of K≥1 NZP CSI-RS resources

· Note that the 2 independent eMIMO-Types may be of the same Class

· Note that if it decided that the two independent eMIMO-Types are always of the same class, then only 1 eMIMO-Type with 2 different sets of parameters would be sufficient. 

· 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

In this contribution we discuss CSI reporting for hybrid CSI-RS, including hybrid non-precoded and beamformed CSI-RS and hybrid Class B of different types of beamformed CSI-RS and potential specification impact. 

2 Discussion
2.1 Single vs. Multiple CSI processes 
It is noted that hybrid CSI-RS may operate with either (1) multiple CSI processes; or (2) single CSI process.
When multiple CSI processes are used, eNB configures two CSI processes for UE, one for long-term CSI feedback based on either non-precoded CSI-RS or cell specific beamformed CSI-RS, and another CSI process associated with UE specific beamformed CSI-RS for short-term CSI. The adaptation of the beamforming for UE specific beamformed CSI-RS associated with the second CSI process can be based on the long-term CSI feedback of the first CSI process. The benefit of this approach is to reuse the existing CSI reporting including W1/W2 codebook of the Class A as much as possible. 
The potential enhancement with this approach is to reduce UE complexity such as specifying additional mechanism to relax CSI calculation for a pair of CSI processes configured for hybrid CSI-RS operation.
For single CSI process based operation, a CSI process is configured with two independent eMIMO-types each associated with a different set of K≥1 NZP CSI-RS resources. In this case, the existing CSI reporting designed for stand-alone non-precoded or beamformed CSI-RS needs to be modified to reduce CSI feedback overhead. For example, only a partial CSI, e.g., RI/W1 is reported for Class A eMIMO-Type for hybrid Class A and Class B operation. 
In general, we cannot see fundamental difference between these two approaches except that the related specification impact could be different. The adoption of Alt. 1 or Alt. 2 shall be based on the overall specification efforts. It shall be discussed whether hybrid CSI-RS operation is applied to TM9. Currently, only a single CSI process can be used for TM9 and it is not possible to use a pair of CSI processes for hybrid CSI-RS operation for TM9. Although it can be possible to modify TM9 for supporting a pair of CSI processes, the related specification efforts will be high. Therefore, we have a slight preference to the single CSI process based hybrid CSI-RS operation considering TM9 support. 
Proposal 1: Down selection between the single CSI process and a pair of CSI processes for hybrid CSI-RS enhancements is needed. No need to support both enhancements in Rel-14. 
Proposal 2: Hybrid CSI-RS operation shall be supported also in TM9. 

2.2 Discussion on hybrid Class A and Class B operation 
According to [1], the following alternatives were proposed for CSI reporting enhancements for hybrid Class A and Class B K=1 FD-MIMO. It can be seen that the difference is whether to report multiple W1 and also RI for Class A non-precoded CSI-RS. 
· Alt 1: Class A CSI with single i1 + RI

· Alt 2: Class A CSI with multiple i1 + RI

· Alt 3: Class A CSI with single i1 

· Alt 4: Class A CSI with multiple i1

The motivation to report multiple i1 indices for Class A CSI feedback is to support multiple channel clusters by providing more candidate beams. Since the set of beams identified by i1 index of Class A codebook can only provide information about a single channel cluster [2]. However, it shall be noted that the need for multiple i1 feedback is dependent on codebook configuration and channel angular spread. For config 2-4 of Class A codebook, one i1 index will select a grid of 4 beams providing sufficient beam coverage on both elevation and azimuth domain. If a wide beam coverage is required then a small oversampling factor, e.g., 4 can be configured. Therefore, Class A CSI with single i1 and RI is sufficient for most cases.   
For multiple i1, additional mechanism for periodic reporting needs to be specified. Due to the limitation on PUCCH feedback payload, multiple i1 indices cannot be reported in one subframe for periodic CSI reporting. It is possible to separate multiple i1 into different subframes but this will not only increase feedback delay but may be more sensitive to channel variation. 

In order to explore the potential gains of multiple i1 over single i1, we have run system evaluations for a hybrid Class A and Class B setup. The 32 port Class A CSI-RS is transmitted every 40 ms, while 8 port UE specific Class B K=1 CSI-RS is transmitted every 5 ms and beamformed according to the W1 matrix identified by the Class A CSI report. Non-full buffer traffic model is applied in the simulation, and performance is evaluated at 50% resource utilization.  
Table 1 shows the gains of multiple i1 over single i1 reporting. Marginal gains less than 4% were observed in both UMa and UMi. A large gain may be expected for 1D antenna port layout such as (1, 16, 2) since the beam coverage is reduced for such large array size. Alternatively, it may be achieved by an enhanced codebook design with large beam group. 
Table 1: Gain of multiple i1 over single i1 for hybrid Class A and Class B
	32TxRU, (4,4,2)           Config2, (O1, O2)=(4,4)
	5%-tile
	50%-tile
	Mean (Mbps)

	3D UMi-200m
	2.13%
	2.65%
	3.60%

	3D UMa-200m
	2.46%
	2.35%
	2.80%


Proposal 3: For hybrid Class A and Class B K=1, Class A CSI reporting will include only RI and single i1. 
2.3 Discussion on hybrid Class B and Class B operation 
Currently for Rel-13 Class B K>1 UE is required to measure K CSI-RS resources and update CRI every 5ms. This requires lots of UE computation efforts. In addition, the network needs to periodically transmit K CSI-RS resources although in some cases no UEs are served with some beam directions. 
Hybrid Class B K>1 and Class B K=1 is proposed to enhance beamformed CSI-RS operation. As shown in Figure 1, the 1st stage CSI-RS, e.g., cell specific beamformed CSI-RS including K>1 resources are transmitted periodically on a long-term basis so that CRI reporting is relaxed to a long-term periodicity rather than every 5ms. The 2nd stage CSI-RS, e.g., UE specific beamformed CSI-RS is transmitted every 5ms and beamformed according to CRI feedback. The UE specific beamformed CSI-RS resources are dynamically shared among UEs. If some beams are not selected by UE according to CRI feedback, the corresponding CSI-RS resources can be reused for data transmission to reduce the CSI-RS overhead. Therefore, the potential advantages of the hybrid Class B K>1 and Class B K=1 are on two folders: 1) to reduce the average computation efforts by relaxing CRI reporting 2) to reduce the overall CSI-RS overhead by muting some CSI-RS beams transmission according to CRI feedback.
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Figure 1. Example of Hybrid Class B K>1 and Class B K=1

However, we note the proposed hybrid Class B K>1 and Class B K=1 cannot reduce UE complexity. The peak computation efforts for CSI reporting is maintained as Rel-13 Class B K>1 since UE is still required to measure K>1 resources. The CSI processing envelope could vary greatly between 1st and 2nd stage CSI reporting. In addition, according to UE capability discussion in Rel-13, the maximum number of CSI-RS resources for 1st stage CSI reporting is determined by UE capability and could vary with the number of configured CSI processes and per band per band combination. If the number of cell specific beamformed CSI-RS resources is larger than Kmax supported by UE, the network needs to dynamically reconfigure a subset of CSI-RS resources from the resource pool when UE is out of the coverage of the original beams due to mobility. But the required information to assist eNB for CSI-RS resource reconfiguration is not supported by the proposed hybrid Class B scheme. 
In order to achieve the benefit for UE complexity reduction, a modified hybrid Class B scheme is proposed as the following. The 1st stage cell specific beamformed CSI-RS consists of only one cell common CSI-RS resource which is shared by all the UEs in the cell configured with hybrid Class B operation. Beam sweeping is applied to the cell common beamformed CSI-RS resource so that the associated precoding weight can be changed every transmission instance via cycling through a set of semi-static weights each associated with a beam. The beam sweeping is transparent to UE but MR shall be configured to UE for correct channel measurement. As shown in Figure 2, UE will measure cell common BF CSI-RS and report the CSI including at least CQI as quality indicator for the associated beam. The reported CQI will be used by eNB to determine whether to switch beams or update the precoding weight for UE specific beamformed CSI-RS resource. In other words beam selection for UE specific beamformed CSI-RS is done by eNB based on CQI feedback comparing to the existing CRI feedback. If the cell common beamformed CSI-RS is configured with 4 or 8 antenna ports, the first PMI feedback can also be supported which can be used to construct the precoding weight for UE specific beamformed CSI-RS. The RI and second PMI reporting can be disabled in order to reducing the signalling overhead. 
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Figure 2. Example of Hybrid Class B K=1 and Class B K=1

Table 2 summaries the difference between hybrid Class B K>1 and Class B K=1 and the proposed hybrid Class B scheme. It can be seen that the main benefit of the proposed hybrid Class B scheme is to reduce UE complexity by configuring only one CSI-RS resource for both cell specific and UE specific beamformed CSI-RS, and the overall complexity is comparable to the legacy Rel-13 Class B with K=2.  Further complexity reduction can also be considered so that UE is requested to measure and report only one CSI at a given time period in case both cell specific and UE specific beamformed CSI-RS resources are available. Additional mechanisms are thus needed for supporting such CSI relaxation. Details can be further discussed if needed.
Table 2: Comparison of different hybrid Class B and Class B schemes
	First eMIMO-Type
	Second eMIMO-Type

	eMIMO-Type
	CSI reporting content
	eMIMO-Type
	CSI reporting content

	CLASS B K>1
	CRI, and optionally i1
	CLASS B K=1
	{RI, CQI, PMI}

	CLASS B K=1
	CQI, and optionally i1
	CLASS B K=1
	{RI, CQI, PMI}


System level evaluations are performed to verify the proposed hybrid Class B scheme and investigate the potential performance loss comparing to hybrid Class B K>1 and Class B K=1 scheme. In our simulation, 32-ports with four antenna ports on both vertical and horizontal dimensions virtualized from antenna array (8, 4, 2) is used. There are total 8 semi-static cell specific vertical beams available for UE specific beam selection. For hybrid Class B K>1 and Class B K=1, 8 CSI-RS resources each precoded by a fixed weight corresponding to one of the 8 beams are transmitted every 40ms for CRI feedback, and for the proposed hybrid Class B scheme, single cell-common CSI-RS resource is configured for beam selection transmitted every 5ms with beam sweeping over transmission subframes. For both schemes, the 4-ports UE specific beamformed CSI-RS is transmitted every 5ms for short-term CSI feedback for data precoding and link adaptation. It can be seen that the overall overhead between two hybrid Class B schemes are same.
Table 4 shows system level evaluations results. Non-full buffer traffic model with 70% loading is applied in the simulation. As seen from the table, the performance of the proposed hybrid Class B scheme is comparable to hybrid Class B K>1 and Class B K=1 scheme in most cases. There is only negligible performance loss less than 1.5% on cell edge user throughput for the proposed hybrid Class B scheme, but UE complexity is greatly reduced.
Table 4: Non-full buffer simulation results of different Hybrid Class B schemes
	32TxRU, (4,4,2)
	5%-tile (Mbps)
	50%-tile (Mbps)
	Mean (Mbps)

	3D UMi-200m
	Hybrid Class B K>1 and Class B K=1
	6.186
	21.698
	26.578

	
	Hybrid Class B K=1 and Class B K=1
	6.104
(-1.33%)
	21.565
(-0.61%)
	26.352
(-0.88%)

	3D UMa-200m
	Hybrid Class B K>1 and Class B K=1
	5.951
	19.414
	24.325

	
	Hybrid Class B K=1 and Class B K=1
	5.892
(-0.99%)
	19.368
(-0.24%)
	24.256
(-0.28%)


Proposal 4: Consider the hybrid Class B K=1 and Class B K=1 based feedback scheme with CQI and option i1 feedback for the cell-common beamformed CSI-RS.
3
Conclusion

In this contribution, we discuss the hybrid CSI-RS operation for FD-MIMO and examine potential enhancements. We have the following proposals:

Proposal 1: Down selection between the single CSI process and a pair of CSI processes for hybrid CSI-RS enhancements is needed. No need to support both enhancements in Rel-14. 
Proposal 2: Hybrid CSI-RS operation shall be supported also in TM9. 

Proposal 3: For hybrid Class A and Class B K=1, Class A CSI reporting will include only RI and single i1. 
Proposal 4: Consider the hybrid Class B K=1 and Class B K=1 based feedback scheme with CQI and option i1 feedback for the cell-common beamformed CSI-RS.
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