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1. Introduction
In the 3GPP RAN1#82 meeting [1], four alternatives of CSI reporting class B are agreed for beamformed CSI-RS based schemes. 
Agreements:
· CSI reporting with PMI
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B): 

· Class A, UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports

· Class B: UE reports L port CSI assuming one of the four alternatives below

· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)

· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources

· Note: The reported CSI may be an extension of Rel.12 L-port CSI

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

· Study the following aspects for CSI-process reporting class B,  including but not limited to 

· Number of antenna ports L for CSI (e.g., 2, 4, 8)

· Class B Alt-1:

· Beam selection indicator (BI) definition, e.g. RSRP or CSI based, wideband vs. subband, short-term vs. long-term

· BI bitwidth (related to K)

· Support for rank>2 UE specific beamforming

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-2:

· Codebook for beam selection and co-phasing  (either derived from legacy codebook(s) or codebook components, or newly designed)

· Along with the associated PMI (e.g. assuming W = W2 in the newly designed or legacy codebook) 

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-3: 

· Codebook for beam selection and CSI 

· PMI contains the information of selected beam and the precoding matrix for the L-port within the selected beam

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-4:
· Measurement restriction mechanism; may be also applicable to Alt-1 to 3. 

Although not explicitly stated, in our understanding Atl. 2 and 4 are for UE-specific CSI-RS. In this contribution, we analyze the pros and cons of Alt.2 and Alt.4. We call alt. 2 as beam-based UE specific CSI-RS, because UE feedback is based on beam-selection (and co-phase among polarizations). Alt. 4 is called as port-based UE specific CSI-RS, because UE feedback is based on multiple ports (where each port is virtualized from multiple antenna elements based on rough UE direction).
2. Discussion
2.1. Basic UE-specific CSI-RS Operation
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Figure 1. Basic UE-specific CSI-RS operation

The basic UE-specific CSI-RS is illustrated in Figure 1, namely each polarization is virtualized to one CSI-RS port. There is no need of UE feedback enhancements, because UE can feedback co-phase based on legacy 2Tx codebook, and reporting modes can be also reused. Main spec enhancement would be measurement restriction. Therefore, 

Observation 1 :
The main spec enhancement for basic UE specific CSI-RS operation is measurement restriction, while UE feedback enhancement (e.g., codebook) maybe not first priority.

However, there is some cases that UE feedback enhancement may be beneficial for UE specific CSI-RS. For example, when the UL signal or long term CSI-RS cannot provide sufficiently accurate CSI for short-term CSI-RS virtualization, the short-term CSI-RS may be steered to a improper direction. In such cases, mechanism to widen short-term CSI-RS beamwidth may be beneficial. There are mainly two methods to widen short-term CSI-RS :

· Beam-based UE specific BF CSI-RS : transmit multiple narrow beam short-term CSI-RS (as in Figure 2 and 3). UE feedback is based on beam-selection.
· Port-based UE specific BF CSI-RS: widen the beamwidth of each short-term CSI-RS, namely each CSI-RS port would correspond to a smaller number of antenna elements (as in figure 4), and number of CSI-RS port would be increased. UE feedback is based on PMI measured on multiple ports.
Observation 2:
Potential UE codebook feedback enhancement for UE specific BF CSI-RS could be either beam-based or port-based.

However, up to now there is not yet any concrete evaluation to verify if it is necessary to widen CSI-RS beamwidth. And, if it is neccesary, how wide the beam should be. On that sense, more evaluations may be necessary to understand if any UE feedback enhancement is necessary for UE specific BF CSI-RS.

Nevertheless, the above possible UE feedback enhancement has been proposed in previous RAN1 meetings. In section 2.2 and 2.3 we discuss beam and port based UE specific BF CSI-RS assuming UE feedback enhancement is necessary.
2.2. Beam-based UE specific CSI-RS
CSI-RS in Alt.2 of CSI reporting class B could be called beam-based UE specific CSI-RS. Concretely, L-port (e.g., 2, 4, 8 or more) beamformed CSI-RS are partitioned into two groups correspongding to two polarizations, and different CSI-RS ports in the same group represents different beam directions. 
Case 1: Transform legacy 8Tx codebook to beam selection codebook
Take 8-port (L=8) beamformed CSI-RS as an example, there are two groups and each group comprises 4 beamformed CSI-RS ports with the same polarization. These CSI-RS ports could be precoded by W1 of legacy 8Tx codebook in Rel-10, and the 4 beamformed CSI-RS ports with the same polarization have the same vertical direction but different horizontal directions as shown in Fig.1. UE could report W2 of legacy 8Tx codebook to reflect both beam selection and co-phasing. 
Using case 1, beam-based UE specific CSI-RS can only perform 1-D beam selection, the horizontal beam granularity is the same as in Rel-10 and the vertical beam accuracy is the same as reciprocity. Therefore, the feedback accuracy is a bit doubtful for case 1.
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Figure 2 Beam-based UE specific CSI-RS operation (transforming legacy 8Tx codebook based on beam selection codebook)
Case 2: Transform R13 class A codebook to beam selection codebook
Newly designed codebook is needed if we want to perform 2-D beam selection and lower the estimation accuracy requriement of the vertical channel direction. In this case, 4 beamformed CSI-RS ports with the same polarization could have different vertical and horizontal beam directions as shown in Fig.2. However, this will degradate the horizontal beam granularity unless further increasing the number of CSI-RS ports which will cause larger CSI-RS overhead. 
In addition, case 2 may delay overall WI progress because it can be done only after class A codebook is specified, and the following reporting mode discussion may be also time-consuming.
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Figure 3. Beam-based UE specific CSI-RS operation (transforming R13 codebook to beam selection codebook).

2.3. Port-based UE specific CSI-RS
CSI-RS in Alt.4 of CSI reporting class B could be called port-based UE specific CSI-RS. In this operation, eNB may estimate an approximate channel direction based on channel reciprocity or long-term CSI-RS. Depending on the accuracy of channel direction estimation, eNB may construct 2/4/8-port beamformed CSI-RS which are precoded by a beamforming weight derived from the channel direction. For example, if eNB is confident about the accuracy of channel direction information, 2-port CSI-RS and narrower beam could be used However, if the eNB is very confident of the accuracy of the channel direction information,  4/8-port CSI-RS and wider beam could be used,. 
Figure 3 shows some examples to construct 4/8 port beamformed CSI-RS. In this alternative, UE needs to report the L-port (e.g., 4, 8) CQI/PMI/RI, but do not need to do beam selection. The legacy 4/8Tx codebook can be used in this case, however it is expected that newly designed 4/8 Tx codebook could greatly improve system performance, because channel characteristic of the 4/8 virtualized antenna ports is very different from the assumed channel characteristics of the legacy 4/8 Tx codebook. . 
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(a) 4-port CSI-RS                                       (b) 8-port CSI-RS
Figure 3 Port-based UE specific CSI-RS operation
2.4. Comprison between beam-based and port-based UE specific CSI-RS operation
In this section, we compare beam and port based UE specific CSI-RS. 
	
	beam-based UE specific CSI-RS
	port-based UE specific CSI-RS

	CSI-RS overhead per UE
	8 ports for 4 bits W2 (R10 8Tx codebook)
32 ports for 6 bits W2 (R13 codebook)
	2/4/8 port per UE (legacy codebook)

2/4/8 port per UE (new codebook)

	Specification effort
	Relatively small if R10 8Tx codebook

Large specification effort if new codebook is needed
	Almost no spec change for legacy codebook
large specification effort if new codebooks are needed.

	Feedback accuracy
	For R10 8Tx codebook, same as eNB implementation

For R13 codebook, depends on number of CSI-RS ports per UE 
	For legacy codebook, 4Tx codebook shows gain over 2Tx.

New codebook has not been evaluated. 


Observation 3: The main drawback of beam-based UE specific CSI-RS is the increased CSI-RS overhead per UE, especially when CSI accuracy requirement is high (32 ports per UE for 6 bits W2). The tradeoff between CSI-RS overhead and feedback accuracy may need careful studies.
Observation 4: Port-based UE specific CSI-RS is working with legacy 4/8 Tx codebook, but new 4/8 Tx codebook is expected to achieve higher gains. However, the standard effort of the new 4/8 Tx codebook maybe large.

Based on the above observations, both beam-based or port-based UE-specific CSI-RS has a high risk to be not completed in R13. In Rel-13, it is possible to only specify measurement restriction for UE-specific CSI-RS and postpone codebook design for UE-specific CSI-RS to R14.
Proposal 1: Prioritize to complete measurement restriction in Rel-13 to support UE-specific beamformed CSI-RS.

Proposal 2: Beam-based and port-based UE-specific CSI-RS may be specified in Rel-14 if time does not permit.
3. Conclusion
In this contribution, we discuss possible spec enhancement for UE specific CSI-RS. 

Observation 1 : The main spec enhancement for basic UE specific CSI-RS operation is measurement restriction, while UE feedback (e.g., codebook) enhancement maybe not first priority in R13.

Observation 2: Potential UE codebook feedback enhancement for UE specific BF CSI-RS could be either beam-based or port-based.

Observation 3: The main drawback of beam-based UE specific CSI-RS is the increased CSI-RS overhead per UE, especially when CSI accuracy requirement is high (32 ports per UE for 6 bits W2). The tradeoff between CSI-RS overhead and feedback accuracy may need careful studies.

Observation 4: Port-based UE specific CSI-RS is working with legacy 4/8 Tx codebook, but new 4/8 Tx codebook is expected to achieve higher gains. However, the standard effort of the new 4/8 Tx codebook maybe large.

Based on the above observations, it is proposed that
Proposal 1: Prioritize to complete measurement restriction in Rel-13 to support UE-specific beamformed CSI-RS.

Proposal 2: Beam-based and port-based UE-specific CSI-RS may be specified in Rel-14 if time does not permit.
It is further clarified that the UE-specific CSI-RS beamwidth can be widened by port-based operations with 4/8 Tx legacy codebooks, so spec changes may need to show gains over such implementation based method.
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