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Introduction
In millimetre wave systems, beam-formed transmission has been considered one of basic principles to overcome high path loss [1]. For beam-formed transmissions, beam determination between gNB and UE is necessary for a reliable transmission and reception, which is performed based on a beam measurement from PHY layer. The beam measurement in PHY layer can also be used for L3 measurement to support mobility, e.g. handover, via higher layer’s filtering. In this contribution, we would like to discuss a beam reference signal’s resource mapping to support an accurate beam measurement and mobility in millimetre wave systems, i.e. above 6 GHz systems. 
Resource mapping for beam measurement 
In LTE, RSRP (Reference Signal Receive Power) measurement is basically required to support mobility, which is based on the cell-specific/periodic reference signals over the entire bandwidth. In millimetre wave systems, a cell-specific beam reference signal (BRS, may also be called mobility/measurement reference signals, MRS) would be necessary to support mobility. In addition, it can be directly used for beam determination from PHY layer perspective. Similarly with LTE, BRS should be periodically measured over wideband for beam management and mobility support.
Proposal 1: For multi-beam based approach at millimetrewave bands, BRS should be designed to support the following:
· Periodic beam measurements for beam management and mobility. 
· Wideband beam measurements, e.g., wideband RSRP.
2.1 Localized and distributed resource mapping for wideband beam measurement


Figure 1. Example of resource mapping for a beam reference signal
BRS can be mapped based on a localized or distributed manner in a given BW. Figure 1 shows examples for both localized and distributed mapping. Beam measurement results will be different depending on the resource mapping methods. There are several aspects related to the beam reference signal’s resource mapping:
· LOS/NLOS channel: In a LoS channel, the resource mapping is not a critical issue because the channel fluctuation is negligible. On the contrary to this, in a NLoS channel, the resource mapping becomes a critical issue due to the channel fluctuation (e.g. frequency selectivity) in the given BW. 
· BW: As the given BW is increased, the resource mapping impact is also increased due to the increase of possibility of the channel fluctuation (e.g. frequency selectivity). In other words, the channel fluctuation in the frequency domain may cause inaccuracy beam measurements depending on the resource mapping. In the wideband based beam measurement, the distributed resource mapping would mitigate the inaccuracy through averaging overall channel fluctuation. On the other hand, the localized resource mapping cannot average the channel fluctuation, so that the inaccuracy leads to critical beam management related issues. 
· Amount of assigned resource for the beam reference signal: As the amount of resource assigned to the beam reference signal is increased in the given BW, the resource mapping impact may become negligible. Because the localized resource mapping can also average the channel fluctuation for a large amount of resources. However, since a reference signal overhead should be less than a certain portion (e.g. 15~30 % CRS overhead at a given OFDM symbol in LTE) to guarantee the date throughput, the resource mapping impact would be not negligible.
2.2 Simulation results 
Regarding these three aspects, we simulate the best beam selection performance according to the resource mapping method. For simplicity, we set the simulation environments like Table 2. 
Table 2. Simulation environment
	Parameters
	Value 

	Carrier Freq.
	30GHz

	Carrier Spacing
	60kHz

	Number of subcarriers
	1024

	Number of Tx antennas at gNB
	1

	Number of Rx antennas at UE
	1

	Number of antenna elements
	- Tx antenna elements : 16 
- Rx antenna elements : 4

	Array antenna type
	Uniform linear array, 0.5λ spacing

	Beam width
	HPBW

	Channel Model
	UMi – Street canyon [2]

	Resource mapping
	- Equally distributed over whole subcarrier 
- Localized to the consecutive subcarriers 



When the RS overhead is 100%, the best beam pair (i.e. Tx-Rx beam pair) is determined based on the strongest received beam reference signal power. However, when the RS overhead is less than 100 % and a specific beam reference signal resource mapping is adopted, non-best beam pairs can be selected due to the inaccurate beam measurement. Table 3 shows the beam mismatch probability according to the RS overhead, channel statistic and beam reference signal resource mapping. As discussed above, in NLoS channel, the beam mismatch occurs more frequently compared to that on LoS channel. In addition, the distributed resource mapping provides the accurate beam determination based on relatively accurate beam measurement. 
Table 3. Beam mismatch probability 
	RS overhead
	LoS
	NLoS

	
	Distributed
	Localized
	Distributed
	Localized

	2.5 %
	9.80E-04
	0.0364
	0.02129
	0.55848

	5 %
	4.90E-04
	0.0322
	0.01045
	0.54087

	10 %
	1.80E-04
	0.0263
	0.00433
	0.48898

	20 %
	9.00E-05
	0.0177
	0.00228
	0.40565



Figure 2 and 3 show the effective channel gain loss to observe the impact of beam mismatch given in Table 3. Figure 2 shows the effective channel gain loss compared to the best beam pair’s gain in NLoS channel. The effective channel gain loss ‘0’ means that there is no performance loss due to the accurate beam measurement. As shown Fig. 2, the distributed beam reference signal resource mapping shows the comparable effective channel gain compared to that of best beam because the beam mismatch probability of the distributed resource mapping is very closed to ‘0’ as shown in Table 3. On the other hand, the localized mapping shows maximum 5 dB gain loss due to a high beam mismatch.  
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Figure 2. Effective channel gain loss in NLoS channel
Figure 3 shows the effective channel gain loss compared to the best beam pair’s gain in LoS channel. Since there’s only trivial frequency selectivity in LoS channel, the performance of both resource mapping shows comparable performance compared to the best beam pair’s effective channel gain. This is also observed in the beam mismatch probability in Table 3. In LoS channel case of Table 3, the beam mismatch probability for both resource mapping is quite small.   
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Figure 3. Effective channel gain loss in LoS channel
Proposal 2: The distributed BRS mapping should be supported to provide accurate wideband beam measurement.  

Resource mapping design 
When designing BRS resource mapping in millimetre wave systems, we should consider multiple beams and beam sweeping based on the distributed resource mapping in the wideband. When the gNB has multiple TXRUs, multiple antenna ports can be used for the BRS transmission, where the multiple antenna ports can be steered in different beam directions. To reduce the time required for the beam sweeping, multiple BRS antenna ports should be able to be mapped on each BRS OFDM symbol. The multi-port BRS can be FDM’ed or CDMed in each OFDM symbol, as illustrated in Figures 4 and 5. It also seems desirable to transmit BRS in consecutive multiple OFDM symbols for faster beam alignment. 






Figure 4. FDM for multiple beam reference signals




Figure 5. CDM for multiple beam reference signals

Proposal 3: To provide fast beam sweeping, the following needs to be supported:
· BRS are mapped in a set of consecutive OFDM symbols comprising a BRS sweeping interval. 
· Multi-port BRS can be multiplexed in each OFDM symbol. The detail resource mapping design is FFS.

Conclusions
In this contribution, Samsung’s view of beam measurement is presented. Based on above discussions and simulation results, following proposals are made:

Proposals: 
For multi-beam based millimetre wave systems, the BRS should be designed to support the following:
· Periodic beam measurements for beam management and mobility. 
· Wideband based beam measurements, e.g., RSRP.
· Distributed BRS mapping should be supported to provide accurate beam measurement.  
For BRS mapping, the followings are supported:
· BRS are mapped in wide band.
· BRS are mapped in a set of consecutive OFDM symbols comprising a BRS sweeping interval. 
· Multi-port BRS can be multiplexed in each OFDM symbol with BRS. The detail resource mapping design is FFS.

References
[1] [bookmark: _Ref458523997]3GPP, RAN1#86, Chairman’s Notes
[2] [bookmark: _GoBack]3GPP, TR 38.900 v2.0.0, Channel model for frequency spectrum above 6GHz
oleObject1.bin
Distributed mapping


Localized mapping


Subcarriers


: beam reference signal



image2.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

P~
.
A
s
-
ARy
7/ p s
ey s
Py 44
77
7/

— — NLOS Distributed Mapping (2.5%) |
——NLOS Localized Mapping (2.5%) |
= — NLOS Distributed Mapping (5%) |
——NLOS Localized Mapping (5%) ]
= = NLOS Distributed Mapping (10%) |
———NLOS Localized Mapping (10%) |
= = NLOS Distributed Mapping (20%) |
———NLOS Localized Mapping (20%) |

I I I ]

2 3 4 5 6 7

Effective channel gain loss [dB]

o





image3.png
0.9

0.8

0.7

0.6

0.5

— = LOS Distributed Mapping (2.5%)

CDF

———LOS Localized Mapping (2.5%)

= = LOS Distributed Mapping (5%)

———LOS Localized Mapping (5%)

— = LOS Distributed Mapping (10%)

~———LOS Localized Mapping (10%)

— = LOS Distributed Mapping (20%)

~——— LOS Localized Mapping (20%)

2 3 4 5 6 7

Effective channel gain loss [dB]

o





image4.emf
Subcarriers

Beam sweeping

FDMed beam reference signal

: Beam reference signal on antenna port 0

: Beam reference signal on antenna port 1


oleObject2.bin
Beam sweeping


FDMed beam reference signal


Subcarriers


: Beam reference signal on antenna port 0


: Beam reference signal on antenna port 1



image5.emf
Subcarriers

Beam sweeping

CDMed beam reference signal

+

= +1

+1

+1

-1

Length-2 OCC


oleObject3.bin
Subcarriers


Beam sweeping


CDMed beam reference signal


+


=


+1
+1


+1
-1


Length-2 OCC



image1.emf
Distributed mapping Localized mapping

Subcarriers

: beam reference signal


