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Introduction
At the RAN1 #87 meeting, in CSI enhancement discussion, feedback schemes were discussed to support advanced CSI reporting [1]. Agreements and working assumptions are captured as follows.
Agreement: 
{4,8,12,16,20,24,28,32} CSI-RS ports are supported in advanced CSI
· Aim for a unified structure, with a single common CSI reporting mechanism which is dimensioned or scalable to support all the numbers of ports
Note that this does not imply a single solution for classes A and B
Working Assumption: 
To be confirmed automatically at RAN1#88 if no significant issues are identified with UE complexity. 
Precoders are to be normalized in the equations below.
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· Feedback on PUSCH is supported
· Feedback on PUCCH is supported
· Details FFS until RAN1#88.

In this contribution, we discuss some issues for advanced CSI feedback, e.g., the relationship between legacy CSI feedback and advanced CSI feedback, feedback modes and types to support advanced CSI reporting.
Standardization Support of Advanced CSI
The relationship between advanced CSI and legacy CSI reporting 
In the agreements, the way to construct W1 and W2 was described. For W1 construction, two orthogonal beams are selected within one beam group, which consists of maximum eight beams.  The location of the beam group is fixed by the leading beam, which is the strongest beam among all the beams. The combined beam is selected from one of the remained seven beams. The relationship between the leading beam and the combined beam is illustrated in Figure 1. In Figure 1, each grid represents for one beam. The beams constitute to one beam group in which the beams are orthogonal to each other.  W2 includes phase for combined beam and co-phase between polarizations for all the beams.


          
Figure 1. Beam selection for W1 construction in advanced CSI
From the reporting point of view, in advanced CSI, PMI1 feeds back beam index for leading beam and combined beam, as well as amplitude for combined beam, in which the beam index is common to those in Rel.13 class A W1. By this means, legacy CSI and advanced CSI can share some common modules for codebook searching as the DFT vectors basis is the same. In normal CSI feedback, PMI1 feeds back one beam group which contains one beam for Config. 1, rank 1. This beam can also be the leading beam in advanced CSI reporting, i.e., the leading beam index in advanced CSI: i1,1, i1,2, can be reused for legacy CSI beam group indication. So advanced CSI reporting can include normal CSI reporting in given configuration. 
Proposal 1: Advanced CSI feedback and legacy CSI feedback should be under the unified structure
It is also expected that the advanced CSI may lead to higher UE complexity, and therefore may need more UE processing time. Then it is considered that a UE may report a normal CSI at an early time instance and then reporting additional information, to constitute the entire advanced CSI at a later time instance. Figure 2 indicates the relationship between legacy CSI reporting and advanced CSI reporting, in terms of feedback contents and the feedback timeline.
Proposal 2: Extend feedback time considering computation complexity and increased feedback contents.


Figure 2. The relationship between advanced CSI reporting and legacy CSI reporting
Overhead and performance tradeoff 
The payload for W1 is calculated according to the agreements, i.e., there are two beams combination in all, the leading beam index need ⌈⌉ bits, combined beam index needs 3 bits, and the overhead for amplitude quantization needs 2 bits.represent the antenna ports number in two dimensions.  represent the oversampling factor in two dimensions.
Table 1: Feedback overhead calculation for W1
	Number of CSI-RS antenna ports, P
	Antenna ports
()
	Oversampling factor
()
	Payload for W1
(bits)

	20
	(2, 5)
	(8, 4)
	14

	
	(5, 2)
	(4, 4)
	13

	
	(10, 1)
	(4, -)
	11

	24
	(2, 6)
	(8, 4)
	14

	
	(3, 4)
	(8, 4)
	14

	
	(4, 3)
	(4, 4)
	13

	
	(6, 2)
	(4, 4)
	13

	
	(12, 1)
	(4, -)
	11

	28
	(2, 7)
	(8, 4)
	14

	
	(7, 2)
	(4, 4)
	13

	
	(14, 1)
	(4, -)
	11

	32
	(2, 8)
	(8, 4)
	14

	
	(4, 4)
	(8, 4)
	14

	
	(8, 2)
	(4, 4)
	13

	
	(16, 1)
	(4, -)
	11


By the table, it is obvious that there is overhead problem with reusing present periodic feedback types as the overhead is already equal or larger than the upper bound capacity of PUCCH format 2, i.e., 11 bits.
Besides the issue of the payload per feedback instance, we should also pay attention to the overhead increase in total. Comparing advanced CSI reporting with legacy CSI reporting, advanced CSI reporting can bring performance gain, by sacrificing the feedback overhead. There is a tradeoff between performance and feedback overhead. Unnecessary feedback overhead shall be avoided by adapting the CSI reporting type to the channel states. For now, candidate CSI reporting type selection mechanism can be summarized as followings:
Scheme 1: higher layer signalling indicate the reporting type, the UE follow the indication and report corresponding type of CSI. 
Scheme 2: UE recommend the reporting type and report the CSI type together with channel estimation information to eNB.
Scheme 3: UE recommend the reporting type, eNB choose the reporting type according to UE’s recommendation, eNB can overwrite UE’s recommendation.
For present, it is UE that performs channel measurement and calculates the quantization accuracy achieved by advanced CSI or the legacy CSI. A UE can switch between advanced CSI and legacy CSI based on performance comparison. In this way, unnecessary feedback overhead can be reduced, e.g., in the case that linear combination beam performs worse or just achieves very limited gain compared to single beam selection. To achieve that, a new feedback information CTI (CSI type indicator) can be introduced to explicitly indicate the reporting type.
Proposal 3: It is up to UE to decide the reporting type: advanced CSI reporting or legacy CSI reporting. Introduce CTI (CSI type indicator) to indicate the feedback type.
Feeback modes supporting advanced CSI reporting
As discussed, there is problem with reusing present periodic feedback types to support advanced CSI reporting due to the PUCCH payload limitation. In periodic feedback, if we want to support advanced CSI reporting, we may consider new feedback type or using PUCCH format 3. Subsampling can be a candidate solution but the performance loss should be clarified.
As aforementioned, it should up to UE decide the feedback types: normal resolution feedback or advanced CSI feedback to balance overhead and performance. We have similar consideration on PMI feedback. In the agreements of RAN1 87 meeting, the relative power level for combined beams are {}, in which ‘0’ should be paid attention to. When the relative power level is set ‘0’, there is no need to feedback beam index, phase, co-phase between polarizations for combined beam. In feedback type design, the amplitude feedback should have higher priority than beam index so that beam index feedback can adjust according to the value of amplitude for combined beam. It is same to W2, which includes phase and co-phase for combined beam. By this means, unnecessary overhead can be reduced as W1 is feedback separately. Two illustrations are provided in Figure 3. In both two figures, W1 consists of amplitude and beam index.


                      
             (a) Amplitude feedback together with RI     (b) Amplitude feedback alone with higher priority than PMI1   
Figure 3. Split W1 feedback
In Figure 3(a), the amplitude for combined beam is fed back together with RI, which has higher priority than PMI1, so the contents of PMI1 and PMI2 can adjust according to the value of amplitude. RI/amplitude is new feedback type in periodic feedback. In periodic feedback, amplitude can also be fed back together with RI/PTI, forms new feedback type RI/PTI/amplitude.
In Figure 3(b), the amplitude for combined beam is fed back alone, but with higher priority than PMI1. By introducing new feedback type to transmit amplitude alone, the contents of PMI1 and PMI2 can adjust according to the value of amplitude. 
Unlike periodic feedback, aperiodic feedback has no such limitation in terms of capacity. But when it comes to persistent requirement of advanced CSI reporting, BS has to continuously trigger the reporting. Another issue should be clarified is the priority. The information used to inform the report type, i.e. CTI, should have the same or higher priority than RI. The amplitude for combined beam should have the same priority with RI or higher priority than PMI1. So CTI and amplitude should locate close to RI.
Proposal 4: The following feedback modes are considered to support advanced CSI reporting:
· Periodic
· Aperiodic, wherein CTI and amplitude locate close to RI 
Proposal 5: Consider following feedback types in periodic CSI reporting to feedback W1:
· RI/amplitude and RI/PTI/amplitude 
· Amplitude is feedback alone, but with higher priority than PMI1
Summary
In this contribution, we discuss the advanced CSI reporting issues concerning feedback. We have the following proposals.
Proposal 1: Advanced CSI feedback and legacy CSI feedback should be under the unified structure
Proposal 2: Extend feedback time considering computation complexity and increased feedback contents.
Proposal 3: It is up to UE to decide the reporting type: advanced CSI reporting or legacy CSI reporting. Introduce CTI (CSI type indicator) to indicate the feedback type.
Proposal 4: The following feedback modes are considered to support advanced CSI reporting:
· Periodic
· Aperiodic, wherein CTI and amplitude locate close to RI 
Proposal 5: Consider following feedback types in periodic CSI reporting to feedback W1:
· RI/amplitude and RI/PTI/amplitude 
· Amplitude is feedback alone, but with higher priority than PMI1
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