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Introduction
In this document, we provide MTI’s views on the remaining issues. 
L1-RSRP measurement
Joint SSB/CSI-RS reporting
Joint reporting of SSB and CSI-RS was agreed in the following agreement from RAN1-AH#1801:
	Agreement in RAN1-AH#1801:
· For SS block + CSI-RS independent L1 RSRP reporting
· Reports are separately configured in different report settings
· No new value for the RRC parameter ReportQuantity is defined


However, how to achieve it is unclear and there are three alternatives shown in the previous meeting:
· Alt 1: Perform joint reporting only if the SSBs and CSI-RS are included in the same csi-RS-ResourceSetList
· Alt 2: Introduce new values of the RRC parameter ReportQuantity
· Alt 3: No changes are needed. The reporting is configured via QCL relations
In our point of view, Alt 3 makes more sense because this is already supported in current specification.
According to TS 38.331 V15.1.0, a joint reporting of SSB and CSI-RS can be configured by letting
· nzp-CSI-RS-SSB contain both nzp-CSI-RS-ResourceSetList and csi-SSB-ResourceSetList. 
Once UE is configured by this, UE shall measure both SSB and CSI-RS for a joint CSI report, no matter what spatial QCL setting between them is configured. An illustration is depicted in Fig. 1 for more details. 
[image: ]
Figure 1. The RRC configuration for a joint reporting of SSB and CSI-RS
[bookmark: _Ref520291696][bookmark: _Hlk520793609]For joint SSB and CSI-RS reporting, no additional agreements are needed. The reporting can be configured via the existing CSI framework already. 
RSRP reporting format details
This issue relates to how to determine this 7-bit mapping table to truncate the largest measured L1-RSRP. In current specification, the related context is shown as below:
	TS 38.214 after RAN1#93
[bookmark: _Hlk517187483]if the higher layer parameter groupBasedBeamReporting is configured as ‘enabled', the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. 


According to the description, this could be done by a uniform quantization table with 1 dB step size. The uniform quantization table has been pointed out several times by different companies in previous meetings, but no progress has been made so far. A very common design is shown in the following table.
Table 1. A 7-bit RSRP table based on uniform quantization 
	Bits
	RSRP Range

	0000000
	RSRP 

	0000001
	 RSRP 

	
	

	1100000
	RSRP 

	1100001
	 RSRP

	1100011
	Reserved

	
	

	1111111
	Reserved


To minimize quantization errors, quantized values shall be the average values in the intervals, e.g., in the interval of -44 dBm  RSRP  -45 dBm, the quantized codepoint shall be -44.5 dBm. Therefore, according to Table 1, those measured RSRP values that are larger than  dBm shall be truncated to  dBm, and those are smaller than  dBm shall be truncated to  dBm. 
However, this is far from optimum for differential RSRP reporting. For instance, when RSRP measurement values are uniform distributed in the range of  dBm to  dBm, the largest value of them will not be uniform distributed any more. More likely, it tends to lie in larger values in the range. In other words, the uniform table wastes most of quantization bits for less likely values to quantize the largest measured RSRP value. 
In Fig. 2, we show how the largest RSRP values really distribute in the range of  dBm to  dBm. According to the NR UE feature list in R1-1807891, group-based beam reporting supports 2 beams. So, assume there are only two measured RSRP values for each trail, and each value is randomly generated by uniform distribution of the range [-44, -140]. After sorting, we keep the largest value in this trail, and calculate the histogram on the largest values by thousands of repetitions. As the result shown in Fig. 2, the largest RSRP values distribute as a triangle shape in the range of [-44, -140] where larger values, e.g.,  dBm, have more observed frequencies than smaller values. 
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Figure 2. A histogram on the largest RSRP values assuming the measured RSRP values are uniform distributed.
[bookmark: _Ref520291733]The observed frequencies on largest measured RSRP values do not uniformly distribute in the measurement range, i.e., from  dBm to  dBm. 
Based on this observation, we propose a non-uniform quantization table for the largest RSRP values according to its own distribution. The quantization table is a 7-bit table optimized by Lloyd algorithm, shown as follows.
 Table 2. A differential 7-bit RSRP table based on non-uniform quantization 
	Bits
	RSRP ranges

	0000000
	RSRP dBm

	0000001
	

	0000010
	

	
	

	1100000
	

	1100001
	

	1100011
	Reserved

	
	

	1111111
	Reserved


MATLAB codes and its remaining details can be found in Appendix.  
In Fig. 3, we compare input-output diagrams between the uniform and the non-uniform quantization schemes. As shown in the figure, the uniform quantization uses equal steps size for all input RSRP values, however, for the non-uniform quantization scheme, it tends to use larger step sizes for the smaller input values and use smaller step sizes for the larger input values. As the result, the proposed non-uniform quantization table can reduce up to 14 % of quantization errors, in term of mean square distance between the input values and the quantized codepoints.
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Figure 3. The input-output diagrams and the numerical results for uniform and non-uniform quantization. 
Note that to have a fair comparison, we leave the same number of revered codepoints as the number in the uniform quantization case, in a sense that both schemes have the same total number of quantization steps.    
[bookmark: _Ref520291703]For differential L1-RSRP based reporting, consider a 7-bit non-uniform quantization table to quantize the largest measured value of L1-RSRP. 
PUCCH beam management
Default spatial relation for PUCCH
The following agreement was agreed in RAN1#93:
	Agreement in RAN1#93 for text proposal on Section 9.2.1 in 38.213
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, the UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission.


The intention is to define UE transmission beam for PUCCH before RRC configuration. According to this TP, the spatial relation is agreed to be derived from initial access procedure as for the Msg3 PUSCH transmission. 
However, this leads a UE to use a fixed transmission beam for at least 110 milliseconds from initial access procedure and sacrifices all opportunity to refine its transmission beam.
In Fig. 4, we show how this number is calculated. This figure depicts the initial access procedure as known as the contention-based random access, where this initial UE TX beam can be derived from RSRP measurement on received SS/PBCH blocks. Then, UE uses this TX beam to transmit Msg1 and Msg3 on PUSCH, as well as to transmit HARQ for Msg4 and for SMC1 on PUCCH. Skipping some procedures in middle, this TX beam finally get updates after RRC reconfiguration and following MAC-CE activation. On top of that, UE still needs to wait for an ambiguity time for MAC-CE activation to start using a refined TX beam. 
In Table 3, we show calculation in detail. This initial access procedure costs 80 milliseconds in average according to R2-1805581. By the similar estimation, we calculate the rest procedures before a refined TX beam is ready for UE, denoted by item 1 to item 8 in Table, and that costs 30 milliseconds around. In total, UE must wait at least 110 milliseconds for the first refined TX beam after the RSRP measurement at the very first beginning of the initial access. 
[bookmark: _Ref520291739]UE must wait 110 milliseconds in average to update its transmission beam for PUCCH. Before this update, UE has no choice but transmits the PUCCH by using the Msg3 PUSCH beam.    
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Figure 4. Transition IDLE to CONNECTED until spatial relation being valid on PUCCH. 
Table 3. The delay estimation before spatial relation being valid on PUCCH
	item
	Description
	Delay

	1
	Transmission of SMC2
	1 ms

	2
	Processing delay in gNB (L2 and RRC)
	4 ms

	3
	Transmission of RRC1
	1 ms

	4
	Processing delay in UE (L2 and RRC)
	15 ms

	5
	Transmission of RRC2
	1 ms

	6
	Processing delay in gNB (L2 and RRC)
	4 ms

	7
	Transmission of MAC-CE
	1 ms

	8
	Ambiguity time for MAC-CE
	3 ms

	9
	[bookmark: _Hlk518377731]Estimation by R2-1805581
	80 ms

	Total delay
	120 ms


Therefore, instead of a waste of 110 milliseconds without refining PUCCH beam, we then propose
[bookmark: _Ref520291790][bookmark: _Ref521573041]The spatial relation for PUCCH resources before and between RRC re-configuration and subsequent MAC-CE activation is left up to UE implementation.
Signaling reduction
In RAN1#93, two companies have pointed out that a list size of 8 for PUCCH-SpatialRelationInfo is insufficient compared to the maximum number of 64 for PDSCH and PDCCH in TCI states. Their proposal is to increase the maximum number of configured spatial relations maxNrofSpatialRelationInfos for PUCCH to 64.
However, there is no such need. A list size of 8 for PUCCH-SpatialRelationInfo is sufficient.
Based on TS 38.331, the maximum number of RX beams maxNumberRxBeam is 8. That means even if there exist 64 SS-block beams simultaneously, UE can use at most 8 spatial domain filters for these 64 SS/PBCH blocks. In other words, gNB can transmit 64 different TX beams, however UE can only use 8 different RX beams for reception. 
Then according to TS 38.213, UE shall use these RX beams as a reference to build uplink TX beams for PUCCH transmission. We quote the related text below. 
	TS 38.213 v15.2.0 section 9.2.2
If PUCCH-Spatialrelationinfo provides higher layer parameter ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index;


Therefore, if a list size PUCCH-SpatialRelationInfois is more than 8, there must be redundancy in it, i.e., two or more than two SSB indexes in the list must indicate the same RX beam. 
Based on this observation, we then propose
[bookmark: _Ref520291795]For PUCCH spatial relation information, no need to revert the agreements. A list size of 8 for PUCCH-SpatialRelationInfo is sufficient.
Moreover, current MAC-CE signaling of the spatial relations for PUCCH is on a per-PUCCH resource basis. For up to 56 PUCCH resources can be configured in resource sets and up to 128 PUCCH resources can be set in total, excessive MAC-CE signaling is required. For instance, a UE can be configured 10 PUCCH resources in a resource-set list and a resource list, which requires 10 MAC CEs to indicate their PUCCH beams, shown in Fig. 5 below.
[image: ]
Figure 5. An illustration of a need for excessive MAC-CE signaling
Based on this, we then propose
[bookmark: _Ref520468390][bookmark: _Ref521573053]For MAC-CE signalling of PUCCH spatial relations, send a LS to RAN2 for a group-based signalling mechanism. 
Conclusion
In this contribution, we have the following observations
1. The observed frequencies on largest measured RSRP values do not uniformly distribute in the measurement range, i.e., from 𝟏𝟒𝟎 dBm to−𝟒𝟒 dBm.
UE must wait 110 milliseconds in average to update its transmission beam for PUCCH. Before this update, UE has no choice but transmits the PUCCH by using the Msg3 PUSCH beam.
Based on these observations, we then propose
1. For joint SSB and CSI-RS reporting, no additional agreements are needed. The reporting can be configured via the existing CSI framework already.
For differential L1-RSRP based reporting, consider a 7-bit non-uniform quantization table to quantize the largest measured value of L1-RSRP.
The spatial relation for PUCCH resources before and between RRC re-configuration and subsequent MAC-CE activation is left up to UE implementation.
For PUCCH spatial relation information, no need to revert the agreements. A list size of 8 for PUCCH-SpatialRelationInfo is sufficient.
For MAC-CE signalling of PUCCH spatial relations, send a LS to RAN2 for a group-based signalling mechanism. 
Appendix 
Non-uniform quantization for the largest RSRP values
The non-uniform quantization table 
We present our proposed table in a compact form given below.
	table = [ -137.379, -135.741, -134.324, -133.003, -131.731, -130.494, -129.301, -128.150, -127.014, -125.876, -124.751, -123.664, -122.619, -121.605, -120.599, -119.595, -118.592, -117.601, -116.609, -115.600, -114.597, -113.608, -112.638, -111.675, -110.709, -109.746, -108.790, -107.844, -106.892, -105.929, -104.965, -103.998, -103.031, -102.072, -101.123, -100.176, -99.232,  -98.300,  -97.374,  -96.448,  -95.519,  -94.578,  -93.626,  -92.679,  -91.729,  -90.768,  -89.809,  -88.858, -87.913,  -86.974,  -86.042,  -85.120,  -84.206,  -83.292,  -82.378,  -81.468,  -80.555,  -79.643,  -78.737,  -77.836, -76.935,  -76.029,  -75.113,  -74.194,  -73.282,  -72.377,  -71.471,  -70.560,  -69.651,  -68.749,  -67.855,  -66.972, -66.093,  -65.211,  -64.324,  -63.440,  -62.563,  -61.688,  -60.810,  -59.921,  -59.024,  -58.126,  -57.228,  -56.324, -55.422,  -54.528,  -53.627,  -52.720,  -51.813,  -50.917,  -50.036,  -49.165,  -48.294,  -47.425,  -46.560,  -45.703, -44.849 ]


The first interval, using the codepoint “0000000”, corresponds to x  table(1) and subsequent intervals are table(i-1) < x  table(i).  
MATLAB codes
The following codes can be run in MATLAB and Octave 4.0. 
	% load package
pkg load communications; % in case you don't have MATLAB

% parameters
n_max = 1e6; % total number of trails
n_rsrp = 2;  % number of RSRP values per trail

% initial  
RSRP_values = [];
RSRP_y_values = [];

% generate RSRP in a matrix form
x = rand(n_rsrp,n_max)*96-140; % uniformly generate n_max RSRP in [-44:-140]
[max_val, max_idx] = max(x);   % find max
RSRP_values = reshape(x,[],1); % reshape into a vector
RSRP_max = max_val;

% Lloyd algorithm for finding the quantization table
[RSRP_table, RSRP_codes, RSRP_dist] = lloyds(RSRP_max, 98);

% more details can be found in the following link
% https://octave.sourceforge.io/communications/function/lloyds.html

% uniform table
uni_table = [-140:-44];
uni_codes = [-140.5:-43.5]; 

% uniform quantization rules
% if RSRP <= -140, code = -140.5
% if -140 < RSRP <= -139, code = -139.5
% if -44 < RSRP, code = -43.5
 
% quantization
% non-uniform 
[p_qidx_d, p_q_d, Distortion_NonUniform] = quantiz(RSRP_max, RSRP_table,RSRP_codes);
% uniform
[b_qidx_d, b_q_d, Distortion_Uniform] = quantiz(RSRP_max, uni_table,uni_codes);    

% for input-output diagram 
plot_x = [-140:0.001:-44];
[p_qidx, p_q, p_d] = quantiz(plot_x, RSRP_table,RSRP_codes);  % non-uniform
[b_qidx, b_q, b_d] = quantiz(plot_x, uni_table,uni_codes);    % uniform

% result display
Distortion_Uniform
Distortion_NonUniform
MSE_gain = (Distortion_Uniform - Distortion_NonUniform)/Distortion_Uniform
% plot
Figure;hist(RSRP_values, n_beam);
title('RSRP values');ylabel('observed frequencies');xlabel('RSRP values (dBm)');

figure;hist(RSRP_max, n_beam);
title('Largest RSRP values');ylabel('observed frequencies');xlabel('RSRP values (dBm)');

figure;plot(plot_x,p_q,'-b','LineWidth',2); 
title('input-out chart for non-uniform quantization');ylabel('input');xlabel('output');

figure;plot(plot_x,b_q,'-b','LineWidth',2); 
title('input-output chart for uniform quantization');ylabel('input');xlabel('output');
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