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Discussion and Decision
1
Introduction
RAN1#90 the following agreements have been make related to the support of CSI-RS for beam management:
Working assumption:

· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where

· The set configuration contains an information element (IE) indicating whether repetition is “on/off”

· Note: In this context, repetition “on/off” means:

· “On”: The UE may assume that the gNB maintains a fixed Tx beam

· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam

· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

Proposals:
· CSI-RS density of less than 1 is not supported, if CSI-RS transmission bandwidth is less than M PRBs (FFS: M(>=1))

Discuss till next meeting

RAN1AH3 the following agreements have been make related to the support of CSI-RS for beam management:
Agreement:
NR should support non-adjacent mapping of CSI-RS components in frequency domain.

· The REs in each CSI-RS component should be adjacent

Uniform RE mapping across all 4 symbols for N=4 is supported.

· Support of non-uniform case is FFS

Agreement:
For ECP, NR supports the following: 
· CSI-RS reuses NCP CSI-RS resources 
· For beam management purpose, reuse 1-port NCP CSI-RS for beam management
· For beam management purpose, reuse 2-port NCP CSI-RS with D=1 for ECP in Rel-15 subject to RAN4 feedback

Send LS to RAN4 to request feedback on the following issues (Huawei, Xi):

· Feasibility of 2-port ECP/NCP CSI-RS with D=1 for beam management

· Feasible densities of 1-port ECP/NCP CSI-RS for beam management

In RAN1 AH #3, we also have several agreement as guidline how to proceed the discussion about the way of CSI-RS resource configuration.
Agreement:
All slides in R1-1716782 with the following revision to slide 5

· Down-select among the following options

· Opt. 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB

· Opt. 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, subcarrier in the given PRB. 

· FFS, additional constraints, e.g. considering size of the component RE pattern

· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission

· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately

· FFS: additional OFDM symbol locations

In this contribution, the remaining aspects of CSI-RS design for beam management and CSI-RS resource configuration are discussed.
2  Discussion on CSI-RS Configurations for DL BM
In previous meeting, a working assumption related to CSI-RS resource configuration was proposed. This working assumption defines an information element related to CSI-RS resource set that indicates gNB TX beam repetation on or off, in other words, whether TX beam is a fixed or not. Figure 1 shows an example of the proposed CSI-RS resources configuration for P1 where TX beams are kept fixed over the number of consecutive time instants. Here, it is assumed that same UE RX beam(s) from single/multiple RX panels are used as with the reception of SS-block with a maximum RSRP value. Therefore, SS-block index and CSI-RS resource index are QCL:ed by enabling UE to use same RX beam(s) as with SS-block reception. This may be a good starting point for further UE RX beam aligment if needed. 

[image: image1]
Figure 1. An example of  CSI-RS resource configutation for P1 where resource set repetation information is configured to be ON.
Figure 2 shows an illustration of CSI-RS resource set configuration for DL BM P2 where resource set repetation information  is configured to be OFF. Here, it is assumed that BM P2 CSI-RS resources  have spatial QCL, i.e. RX association with respect to CSI-RS resources for P1 or SS-block index. By utilizing this association at UE side, user-specific gNB TX beam sweeping can be enabled.


[image: image2]
Figure 2 An example of CSI-RS resource configutation for P3 where resource set repetation information is configured to be ON.
3 shows an example of CSI-RS beam sweeping configuration for BM P3 where resource set repetation information  is configured to be ON. Here, it is assumed that BM P3 CSI-RS APs  have spatial QCL, i.e. RX and/or TX,  association with respect to CSI-RS resources for BM P1. By utilizing this association at UE side, user-specific RX UE RX beam aligment can be enabled. 


[image: image3]
Figure 3 An example of CSI-RS resource configutation for P2 where resource set repetation information is configured to be OFF.
The proposed working assumption related to CSI-RS configuration enables the density of CSI-RS resource/port in time domain to be increased by repeating the symbol (symbols) N -times to provide more resource elements for UE for measurements. On the other hand, by increasing the number of repeated symbols, the length of total transmission time per port may become long leading to a problem where it would be preferable to confine the CSI-RS resources to limited time window. 

Observation 1: The proposed working assumptions related to CSI-RS resource configuration can be seen as beneficial for system operation to enable different DL beam management procedures. 

Proposal 1: Confirm the proposed working assumptions related to CSI-RS resource configuration for DL BM. 
3
Numerical Results

In this section, the numerical analysis on the number of required PRBs and achievable RSRP accuracy for different single port CSI-RS-RE patterns for BM is provided. In our companion paper, the results are further discussions related to CSI-RS design for L3 mobility [2]. The simulations have been carried out in AWGN channel with 15KHz sub-carrier spacing and carrier frequency of 4GHz with and without TX power boosting. By following [3], the RSRP absolute accuracy of 2 dB is used as a threshold. Furthermore, the required RSRP accuracy shall be +/- 4.5 dB and the RF margin of 2.5 dB is used [4]. The further details of simulation parameters and RSRP computation are summarized in Appendix. 
To gain further understanding on the number of PRBs and resulting achievable absolute RSRP accuracy using different 1-port CSI-RS RE mappings, three different bandwidths configurations, i.e. number of PRBs, have been evaluated  with different RE patterns. The RE pattern associated with the number of PRBs defines the total number of resource elements used for calculating the accuracy of the RSRP estimate: For example with 5MHz bandwidth (25 PRBs) and with comb-12 structure (Density =1 RE/Port/PRB) the available number of REs for RSRP measurement equal to 25 and with 10MHz = 50RE and for 20 MHz = 100REs.  

Figure 4 summarizes the absolute accuracy results with single shot measurement for different single port RE patterns and number of PRBs. The CDF’s of the RSRP error curves are presented in the Annex. As can be seen, to achieve 2 dB absolute accuracy (+-4,5dB with 2,5 dB RF margin, corresponding to LTE) comb-1 needs to be used resulting in total 300 REs=25 PRBs*12  (for 5MHz). In other words, at least 25 PRBs are needed with comb-1 RE pattern. Clearly, the number of samples needs to be higher, i.e.  >1, with more sparse comb based RE pattern options, i.e. 2,3,6 and 12. Here, 1 measurement sample defines the total number of REs associated with RE-pattern and available PRBs in a given bandwidth per symbol.     

[image: image4]
Figure 4. RSRP single shot absolute accuracy with different bandwidth and RS combs
Table 1 summarizes the required number of PRBs and samples to achieve 2dB absolute RSRP accuracy. The elements of the table marked with green color indicate that required 2dB absolute RSRP can be achieved with single shot measurement. As can be observed, for 5 MHz only comb-1 can achieve required accuracy with single shot, whereas for 10 MHz and 20 MHz up to comb-2 and up to comb-4 can achieve it, respectively. Naturally, by using other comb types required absolute RSRP accuracy requirement can also be achieved with the need of multiple samples.
Table 1 summary of required number of PRBs and samples to achieve 2dB absolute RSRP accuracy with different comp types and bandwidths. 

	Comb type
	BW

	
	5 MHz
	10 MHz
	20 MHz

	
	PRBs to achieve 2dB RSRP accuracy 
	Number of samples
	PRBs to achieve 2dB RSRP accuracy
	Number of samples
	PRBs to achieve 2dB RSRP accuracy
	Number of samples

	1
	25
	1
	
	
	
	

	2
	50
	2
	50
	1
	
	

	3
	150
	3
	100
	2
	
	

	4
	100
	4
	100
	2
	50
	1

	6
	150
	6
	150
	3
	100
	2

	12
	300
	12
	300
	6
	150
	3


Observation 2:  For 5MHz associated with single shot RSRP measurement, only comb-1 can provide required absolute RSRP accuracy (M=25, with 15 SCS). Other comb types can be supported but multiple measurement samples are needed.

Observation 3:  For 10MHz associated with single shot RSRP measurement,  comb-1 and comb-2 can provide required absolute RSRP accuracy (M=50, with 15 SCS). Other comb types can be supported but multiple measurement samples are needed.

Observation 4:  For 20MHz associated with single shot RSRP measurement,  comb-1, comb-2, comb-3 and comb-4 can provide required absolute RSRP accuracy (M=100, with 15 SCS). Other comb types can be supported but multiple measurement samples are needed.

To reduce the number of needed PRBs/samples to achieve require absolute RSRP accuracy, the TX power boosting of NZP CSI-RS resources can be considered. Figure 5 shows the comparison CDF of delta RSRP values between comb-1 and comb-12 w/o power boosting as well comb-12 w/ power boosting. As can be seen, the power boosting clearly enhances the accuracy of comb-12 resulting in close to the RSRP accuracy of comb-1. Even though clear enhancements can be obtained with TX power boosting, it requires gNB to allocate all TX power for NZP resources of CSI-RS assigned to BM. Therefore, the potential merits of power boosting vanish if the other RSs/signals/channels need to be transmitted simultaneously. 
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Figure 5. RSRP absolute accuracy in AWGN channel with Comb-12 w/ and w/o TX power boost.

Observation 5: The TX power boosting of NZP CSI-RS resources can significantly enhance the RSRP measurement accuracy.
Instead of using TX power boosting, enhanced RSRP measurement accuracy can be obtained by using RE patterns with larger densities of RE per PRB per AP and multiple measurement samples. For example, as shown in Table 1, for comb-2 with 5MHz bandwidth, to samples are used to obtain similar accuracy as with comb-1. However, as discussed earlier, this comes with the price of longer delay to perform measurements.   
Proposal 2: To enable single shot CSI-RS based RSRP measurements, support for X=1, D=12 with M=25 and SCS=15KHz (5MHz) . 
Proposal 3: To enable single shot CSI-RS based RSRP measurements, support for X=1, D={12, 6} with M=50 and SCS=15KHz (10MHz) .

Proposal 4: To enable single shot CSI-RS based RSRP measurements, support for X=1, D={12,6,3} with M=100 and SCS=15KHz (20MHz) .

Proposal 5: Support possibility to use TX power boosting of NZP resources associated with CSI-RS .  

4
General configuration of CSI-RS resource

In this session, we discuss remained details on CSI-RS resource configuration for either CSI acquisition or beam management.
First of all, the discussion should consider to support flexible multiplexing of CSI-RS with other type of RS within symbol and the dense mapping of CSI-RS resource(s) within OFDM symbol, e.g., 12 REs for CSI-RS resource(s) within a OFDM symol. 

Neither to support the multiplexing of CSI-RS with other type of RS, nor to support dense configuration of CSI-RS resources within symbol, e.g., 12 REs for CSI-RS resource within a symbol, the granulairy higher than 2 REs per PRB would not be necessarily considered for CSI-RS location. Thus, NR may support option 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, i.e. {0th, 2nd, 4th, 6th, 8th, 10th} subcarrier in the given PRB.

And also, assuming that CSI-RS can be multiplexed with other type of RS in the same OFDM symbol, NR needs to support the mapping of CSI-RS resource on DMRS symbol
Proposal 6: CSI-RS resource can be mapped earlier than 6th OFDM symbol in a slot configured for CSI-RS transmission.
Considering that we agreed on a small size of CSI-RS RE component pattern, e.g., (2,1), it would be a natural understanding that we have high flexibility on CSI-RS resource mapping on physical resources, and depending on how to define CSI-RS sequence, it is even possible to support the oerlappnig of CSI-RS resource as a way of reducing the size of CSI-RE resource pool. Figure 6 shows an example of CSI-RS resource overlapping. Even in the case of CSI-RS resource overlapping, wherer the subset of one CSI-RS resource is used as CSI-RS resource for other UE, it is obvious that no specific or different rule for CSI-RS resource mapping or CSI-RS antenna port numbering.
Proposal 7: Unified CSI-RS resource mapping and antenna port numbering rule is supported which maps CSI-RS antenna port to all of component patterns within configured CSI-RS resource. 


[image: image6]
Figure 6. Example of overlapped CSI-RS resources.
5
Conclusions
In this contribution, the CSI-RS design for beam management has been considered. 
Based on the discussions, the following observations have been made:

Observation 1: The proposed working assumptions related to CSI-RS resource configuration can be seen as beneficial for system operation to enable different DL beam management procedures. 

Observation 2:  For 5MHz associated with single shot RSRP measurement, only comb-1 can provide required absolute RSRP accuracy (M=25, with 15 SCS). Other comb types can be supported but multiple measurement samples are needed.

Observation 3:  For 10MHz associated with single shot RSRP measurement,  comb-1 and comb-2 can provide required absolute RSRP accuracy (M=50, with 15 SCS). Other comb types can be supported but multiple measurement samples are needed.

Observation 4:  For 20MHz associated with single shot RSRP measurement,  comb-1, comb-2, comb-3 and comb-4 can provide required absolute RSRP accuracy (M=100, with 15 SCS). Other comb types can be supported but multiple measurement samples are needed.

Observation 5: The TX power boosting of NZP CSI-RS resources can significantly enhance the RSRP measurement accuracy.
Based on the dicussions, the following proposals have been made:

Proposal 1: Confirm the proposed working assumptions related to CSI-RS resource configuration for DL BM. 
Proposal 2: To enable single shot CSI-RS based RSRP measurements, support for X=1, D=12 with M=25 and SCS=15KHz (5MHz) . 

Proposal 3: To enable single shot CSI-RS based RSRP measurements, support for X=1, D={12, 6} with M=50 and SCS=15KHz (10MHz) .

Proposal 4: To enable single shot CSI-RS based RSRP measurements, support for X=1, D={12,6,3} with M=100 and SCS=15KHz (20MHz) .

Proposal 5: Support possibility to use TX power boosting of NZP resources associated with CSI-RS .
Proposal 6: CSI-RS resource can be mapped earlier than 6th OFDM symbol in a slot configured for CSI-RS transmission  
Proposal 7: Unified CSI-RS resource mapping and antenna port numbering rule is supported which maps CSI-RS antenna port to all of component patterns within configured CSI-RS resource. 
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Appendix – RSRP Computation and Simulation Assumptions

The samples of RSRP measurements are computed based channel estimates without any filtering over channel estimation samples. The CDF of delta RSRP is calculated as follows: estimated RSRP – ideal RSRP, where ideal RSRP computed with ideal channel estimates. The considered absolute RSRP accuracy is computed as follows: max(abs(5%-tile of Delta RSRP), abs(95%-tile of Delta RSRP)), where Delta RSRP values are obtained from 5%-percentile and 95%-percentile of the CDF curve. 

Table 1: Simulation assumptions.
	Carrier Frequency 
	4 GHz 

	Channel Model (4GHz)
	AWGN 

	Subcarrier Spacing(s) 
	15 

	SNR range 
	-6 dB 

	CSI-RS bandwidth
	25, 50, 100 PRB

	Antenna Configuration at the TRP 
	(1,1,1) with omni-directional antenna element 

	Antenna Configuration at the UE 
	(1,1,2) with omni-directional antenna element 

	Channel estimation scheme
	Practical without any filtering 

	Number of CSI-RS APs
	1
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Figure 6. CSI-RS RSRP absolute accuracy with different comb structures with 5MHz BW.
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Figure 7. CSI-RS RSRP absolute accuracy with different comb structures with 10MHz BW.
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Figure 8. CSI-RS RSRP absolute accuracy with different comb structures with 20MHz BW.
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