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This is a revision of contribution R1-1717866.
In RAN1#NR90bis [1,2], the following agreements were reached on beam measurement and reporting:
· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64 
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 3, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them 
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· FFS stepping size of differential quantization

In this contribution, we provide detailed mechanism on differential beam reporting. 

Discussion

Beam reporting

When the L1-RSRP of multiple beams are reported in a single reporting instance, the L1-RSRP of the largest beam is used as a reference. This reference L1-RSRP is reported using 7 bits ranging from -140 to -44 dBm with 1 dB step size. This is similar to L1 RSRP reporting. Given this reference L1-RSRP, we can first study the distribution of the L1-RSRP of the other reported beams before developing detailed encoding scheme. We used simulation to find out the relative RSRPs between the reported beams. 

In the simulation, a UE measures 16 beams and includes the largest 4 beams in a report. The reported beams (B0, B1, B2, B3) are ranked with respect to their L1-RSRP in descending order so their L1-RSRP follow the order : . We can define differential RSRP using  as reference:

,
and . By definition, . Simply encoding  as is with 1dB resolution requires 7 bits. This will not provide any overhead reduction. If we consider the previous agreed requirement that differential RSRP is encoded with 4 bits, the resulting step size becomes 8 dBm. This resolution is too coarse to be useful. Based on these simple analyses, we conclude that it is not enough to simply report  with each value as 4 bits.

Observation 1: Simply reporting differential L1-RSRP relative to the strongest beam leads to coarse granularity of 8dB.
 
However, all the potential values of  do not show up with equal probability. Some values occur more often than others. This is represented by their probability mass function (PMF). Figure 1 shows the PMF of the differential L1-RSRP for 4 reported beams. 
[image: D:\Documents\3GPP\Meetings\201711 RAN1#91 Reno\Lenovo\Chenxi\Beam report Matlab\PMF.png]
Figure 1. Probability mass function of differential RSRP and pair-wise differential RSRP.


It is clear that the probability decreases with . If  can be ignored,  has a range up to 40. This is already significantly less than the original range of 96. 

Another alternative is to report pair-wise differential RSRP. Pair-wise differential RSRP is defined as the difference between two adjacent elements in an ordered list:

,

and  There is no definite order in the set  . Figure 1 shows the probability mass function (PMF) of the pair-wise differential L1-RSRP for 4 reported beams. Comparing  and , it is clear that the distribution of  is more concentrated. Their distributions can be quantified by entropy and dynamic range. The dynamic range is calculated by omitting those values with probabilities less than a threshold of 10-3.


	
	Differential RSRP
	Pair-wise differential RSRP

	Entropy (bits)
	2.33
	1.81

	Dynamic range w/ probability > 10-3
	40
	28



Table. 1. Comparison of differential RSRP and differential RSRP in terms of information (entropy) and dynamic range (with probability > 10-3).

It is clear that it is easier to encode pair-wise differential RSRP than differential RSRP because of its smaller entropy. This leads to either smaller overhead or finer resolution, or both.

Proposal 1: Use pair-wise differential RSRP for beam reporting.

When pair-wise RSRP is used, the order of reporting is important. As described previously, pair-wise RSRP is calculated from a sorted list of L1-RSRP in descending order. The list of beams reported can have the following format:

,

Beams are sorted in descending order with their L1-RSRP, where  is the ID of the RS (CSI-RS or SSB) carrying the i-th strongest beam.  is the absolute measured L1-RSRP of the strongest beam (7 bits defined between -44dB and -140dB with resolution of 1 dB).   is pair-wise differential RSRP defined before (). UE can report up to N beams in a report, provided that all N beams have L1-RSRP above a threshold. This threshold can be configured by RRC. Beams below the threshold should not be reported.


Proposal 2: UE only reports beams with RSRP above a certain threshold. This threshold can be RRC configured.
Proposal 3: UE reports up to N beams as a sorted list in descending order of RSRP in the form of .

An optimal method of encoding the pair-wise differential RSRP value is Hoffman code. With Hoffman code, it takes less than 2 bits to encode  (Table 1). However, optimal Hoffman coding relies on knowing the PMF of  in priori. This is not easy because it depends on the particular scenario, such as the number of configured beams for measurement, the number of reported beams, and the channel conditions. These will affect the distribution of . Without knowing the priori distribution or resorting to more complicated entropy coding scheme, there are several simple schemes we can use. One is variable length encoding scheme to encodes  in the traditional binary representation with just sufficient number of bits, with length indicator bits or EOW (end-of-word) indicator. However, because of the very limited bit-width (4 bits), length indicator or EOW is impractical. A simpler scheme is to ignore values of  with insignificant probability (< 10-3 for example), and use fixed length (4 bits as agreed early) to code the remaining range of . Based on our previous analysis of the distribution of  , it is sufficient to use 4 bits to code values (0-31dBm) of with step size of 2dB. 

Proposal 4: Encode pair-wise differential L1-RSRP values with step size of 2dB.


Conclusion
We have discussed the issues of beam management and reporting. Our proposals are summarized as below:
Proposal 1: Use pair-wise differential RSRP for beam reporting.

Proposal 2: UE only reports beams with RSRP above a certain threshold. This threshold can be RRC configured.
Proposal 3: UE reports up to N beams as a sorted list in descending order of RSRP in the form of .

Proposal 4: Encode pair-wise differential L1-RSRP values with step size of 2dB.
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