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Introduction
It has been long debate on whether to have beam correspondence as a mandatory feature in Rel.15. In Spokane, RAN1 and RAN4 delegates are invited to have a joint session discussing this particular UE feature, [1]. Clearly, it is a trade-off between UE implementation complexity and network performance. In this paper, we give some evaluation results as well as analysis on the need of having beam correspondence feature as mandatory for Rel.15 UEs. 
Evaluation of RACH Delay w/o Beam Correspondence
A system level simulation is performed to evaluate the time needed to find the right UE transmission beam without network assistance. The following steps describe this simulation in details: 
1. At a random time, UE power up and we start the timer to count the time needed to find the right Tx beam. 
2. UE firstly scan all SSB bursts using each of every receiving beam, see figure.1 as illustration of the frame-structure. 
a. Each SSB burst includes 18 SSB transmissions using different Tx beams. 
b. Periodicity of SSB burst is 20ms. 
c. UE uses different Rx beam for different SSB burst
d. For simplicity, we assume UE can derive RSRP (with measurement error modelled) for each Tx/Rx beam at one shot measurement. 
3. Once UE detects a SSB with qualified reception in a burst, UE stop scanning and prepare to transmit PRACH 
a. UE select the PRACH resource associated to the best SSB transmission (best transmission beam at BS) in that burst.
b. UE estimates the pathloss based on the SSB RSRP in current reception. Based on that, UE can derive the transmission power following PRACH power ramping up scheme defined in section 7.4 in TS38.213.
4. UE selects a transmission beam to transmit PRACH on the selected resource. 
a. At any transmission, if PRACH quality is higher than threshold, we count that UE find the right beam for initial access and stop timer for that UE. 
b. If PRACH reception failed, UE shall perform power ramping up procedure following section 7.4 in TS38.213: where UE will wait next opportunity to send PRACH again using higher Tx power until the max power ramping number or UE maximal Tx Power reached. 
c. UE with beam correspondence capability selects the right uplink Tx beam based on the Rx beam used for SSB. 
d. UE without beam correspondence capability has to try different Tx beam. At each Tx beam, UE shall perform power ramping up procedure. 
e. If UE tried all Tx beam and still no qualified PRACH received, the UE is counted as out of coverage, and we stop the timer for that UE. 
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Figure.1 Illustration of the SSB and PRACH transmission in the simulation





















Table.1 System Level Simulation assumptions
	Parameters
	Values

	Scenarios and channel model
	3GPP UMi Street Canyon (TR38.901). 

	Carrier Frequency
	39GHz

	Simulation bandwidth 
	100MHz

	Subcarrier Spacing 
	120kHz

	Channel Model
	TR38.901

	SSB periodicity 
	20ms

	SSB Burst length
	3ms

	BS height
	10m

	UE height
	20% outdoor at 1.5m 
80% indoor uniformly distributed on 8 floors. Follow 38.802. 

	BS antenna configurations
	Elements: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 
TxRU: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). 

	BS beams for SSB transmission and PRACH reception 
	Kronecker product between vertical and horizontal weight vectors taken from DFT, see Note.1 (follow TR38.802)
- Beam directions for BS: 
     -- Azimuth angle [33.7500   56.2500   78.7500  101.2500  123.7500  146.2500]
     -- Zenith angle  [101.2500  123.7500  146.2500]

	BS antenna element radiation pattern
	Follow TR38.802

	UE antenna configurations
	Elements: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 
TxRU: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). 

	UE beams for SSB receiving and PRACH transmission
	Kronecker product between vertical and horizontal weight vectors taken from DFT, see Note.1
-- Azimuth and Zenith angle [22.5000   67.5000  112.5000  157.5000]

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	RRM (RSRP) measurement accuracy  
	Normal distribution with std of 6dB

	PRACH length
	According to TS38.211



· Note1: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r =1 (which is analogous to oversampling factor of 1) , N denotes the number of vertical/horizontal antennas.
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Figure.2 CDF of the time needed to find the right UE beam for PRACH. 
Table.2 Compare the time required to find right beam for PRACH (5% tile)
	
	w/ Beam Correspondence
	W/o beam Correspondence

	ISD= 100m
	19ms
	1921ms

	ISD= 250m
	36ms
	1953ms

	ISD= 500m
	89ms
	2009ms



Figure.2 shows big gap on the time needed between UE with or without beam correspondence to find the right beam to perform RACH. The main reason is the wrong Tx beam used for the UE without beam correspondence. Once selected a wrong Tx beam, it takes long time for UE to discover such mistake because of power ramping up procedure. In particular, for UEs without beam correspondence capability, substantially large amount of users need more than 2 seconds to find the right beam, it means not just bad performance but also more UE power consumption, especially considering such large delay is just for one band. 
Observation: UE without beam correspondence needs significantly more time to find the right beam in initial access procedure comparing to UE with beam correspondence. 




Link Level Evaluations for Beam Management 

In this section we provide link level analysis on how often the beam management should be performed for NR.   We plotted the link throughput as a function of signal to noise ratio.   With different periodicities for beam management.  Link simulation assumptions as shown in Table 2.  32 transmit beams and 8 receive beams were generated according to the beam generation methods explained in section 2.  

Table 2 Link level simulation assumptions
	Assumptions 
	Value 

	Carrier frequency
	39 GHz 

	Duplex 
	TDD

	System Bandwidth 
	100 MHz 

	Beam management periodicity
	10, 20 40 and 80 slots based on CS-RS for BM

	Subcarrier spacing 
	120 KHz

	FFT size 
	4096

	Data transmission bandwidth 
	10 RB

	BS Antenna  configuration
	Elements: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 
TxRU: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). 

	UE Antenna Configuration
	Elements: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 


	CSI-RS ports
	2

	DMRS Configuration
	Type 1 with single symbol front loaded +1 additional  symbol

	PTRS and TRS Configuration
	None

	Number of codewords
	1

	Rank Restriction
	Rank1 

	Channel encoder
	LDPC code (BG1 and BG2)

	MCS 
	Link adaptation

	Control Overhead 
	2 symbols

	Channel estimation 
	Practical

	UE speed
	3Kmph

	Channel Model
	 TDL-A




Figure 3 shows the link throughput. It can be observed that the performance impact is negligible even if we increase the beam management periodicity equal to 40 slots.  Note that for evaluations we used 3 Kmph channel hence the channel variations are very low. 
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Figure 3 Link throughput as a function of beam management periodicities
The link level results show that the beam management needs to be performed with a periodicity of 20 – 40 msec. Having a periodicity higher than 40msec results in performance degradation in the mid-high SINR ranges. 
Observation: In FR2 beam management needs to be performed with a periodicity of 20-40 msec. Note that this analysis does not factor in higher speeds and blocking models, so in some sense this is really the best case fixed scenario. 
UL Overhead Estimation for SRS based UL Beam Management
For a UE that does not support beam correspondence a separate UL beam management procedure is required. One possible solution is enabled by allocating different SRS resources for each UE. The UE sends the sounding signal associated with each SRS resource using a different beam. The network can indicate to the UE in DCI (during the UL grant) the SRI (SRS resource indicator) which tells the UE the optimum SRS resource that the network wants it to us thereby identifying the Tx beam to be used by the UE for PUSCH. However there are two main problems with this solution: 
a) This approach only works when there is PUSCH allocation for the UE, i.e. the UE has UL traffic. However even in the absence of any PUSCH the UE is not send any DCI for the UL grants. However in this case the UE is still required to transmit PUCCH. But without any SRI indication (which only happens during UL grant) the QCL assumption for the PUCCH can only be done on a semi-static basis. 
b) The SRS resources are UE specific, therefore as the number of UE increases the amount of UL overhead increases. This happens since each RRC_CONNECTED UE needs to be allocated multiple SRS resources, which are multiplexed either as TDM or CDM. It should be noted at the if the UE supports beam correspondence then the UL beam management is automatic with the DL beam management, and for DL beam management the resource overhead does not increase with the number of the UE. In the DL either SSB or beam specific CSI-RS can be used for beam management which is fixed and independent of the number of the UE. 
In this section we provide an estimate of how much additional UL overhead is used as a resource of allocating UE specific SRS resources and how that scales with the number of RRC_CONNECTED UEs. Besides the assumptions listed in the table the simulations make the following assumptions: 
· UEs that are QCL’ed with the same DL beam (SSB or CSI-RS) can have their SRS resources multiplexed on the same OFDM slot. We assume a maximum of 16 SRS resources can be multiplexed on the same UL symbol. If a beam has more than 16 UEs then more than one UL symbol is required to multiplex all the SRS resources of the UEs in that beam. 
· Each UE requires 4 SRS resources for UL beam management, which need to be multiplxed in a TDM fashion (i.e. all the SRS resources of the UE cannot be on the same OFDM symbol since the UL Tx beam for each SRS resource is different). Each UE has 16 Tx beams as assumed during the RACH simulations however for the CONNECTED UE we assume that the UE doesn’t need to do an exhaustive UL beam search every 20-40 msec. Rather it needs to search only the 4 closest neighbouring beams 
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Figure 4 Distribution of UEs Across the Tx Beams for UMi










Table.3 System Level Simulation assumptions
	Parameters
	Values

	
Scenarios and channel model
	3GPP UMi Street Canyon (TR38.901). 

	Carrier Frequency
	39GHz

	Simulation bandwidth 
	100MHz

	Subcarrier Spacing 
	120kHz

	Channel Model
	TR38.901

	SRS Periodicity 
	20ms

	Number of SRS Resources (per UE)
	4

	Number of SRS Resource per Symbol (per gNB)
	16 (2 combs and 8 CDM)

	BS height
	10m

	UE height
	20% outdoor at 1.5m 
80% indoor uniformly distributed on 8 floors. Follow 38.802. 

	BS antenna configurations
	Elements: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 
TxRU: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). 

	BS beams for SSB transmission and PRACH reception 
	Kronecker product between vertical and horizontal weight vectors taken from DFT, see Note.1 (follow TR38.802)
- Beam directions for BS: 
     -- Azimuth angle [33.7500   56.2500   78.7500  101.2500  123.7500  146.2500]
     -- Zenith angle  [101.2500  123.7500  146.2500]

	BS antenna element radiation pattern
	Follow TR38.802

	UE antenna configurations
	Elements: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 
TxRU: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). 

	UE beams for SSB receiving and PRACH transmission
	Kronecker product between vertical and horizontal weight vectors taken from DFT, see Note.1
-- Azimuth and Zenith angle [22.5000   67.5000  112.5000  157.5000]

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Frame Structure
	TDD with 3 DL slots followed by 1 UL slot



· Note2: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r =1 (which is analogous to oversampling factor of 1) , N denotes the number of vertical/horizontal antennas.

In the figure below we show the comparison of the UL SRS overhead as a function of the number of UEs. As it is clearly evident the over associated with SRS based UL beam management is very high and beyond 60 UEs it is more than 10% of the entire UL bandwidth.  
Observation: The UL overhead with SRS based UL beam management increases sharply with the number of RRC CONNECTED UEs. The SRS overhead is much less if beam correspondence is supported. 


[image: ]
Figure 5 SRS Overhead Comparison
Conclusion
In this paper, we show our evaluation on the performance difference on the beam correspondence capability. The performance difference is shown for both IDLE mode and CONNECTED mode. For IDLE the results are shown for the RACH delay both the cases with ad without beam correspondence. For the CONNECTED mode the results are shown for the totl UL Overhead used for eam management. For both IDLE and CONNECTED mode there is a significant hit to the system performance if beam correspondence is not supported.  We have the following observation and proposals:
Observation: In FR2 UE without beam correspondence needs significantly more time to find the right beam in initial access procedure comparing to UE with beam correspondence. 
Observation: The UL overhead with SRS based UL beam management increases sharply with the number of RRC CONNECTED UEs. The SRS overhead is much less if beam correspondence is supported. 
Observation: In FR2 beam management needs to be performed with a periodicity of 20-40 msec. Note that this analysis does not factor in higher speeds and blocking models, so in some sense this is really the best case fixed scenario. 
Proposal: In FR2 Beam correspondence is supported as a mandatory with capability signalling feature for Rel.15 UE. 
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