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[bookmark: _Ref129681832]In RAN1#104-bis-e meeting, the Rel. 17 FS_NR_XR_eval SID [1] was discussed and many agreements were made in the context of evaluation methodology and traffic model characterization [2]. 

In [3] and [4], we provided some initial XR evaluation results with focus on capacity analysis. The network deployment assumed was the Dense Urban scenario. Two transmission schemes were evaluated. A baseline zero-forcing transmission scheme and a transmission scheme based on cooperative MIMO. It is shown that the XR system capacity is limited with few satisfactory UEs that satisfy the reliability and latency requirements with the assumption of the baseline zero-forcing scheme. A precoding technique based on DL interference probing based on flexible A-SRS triggering was then evaluated and compared to baseline zero-forcing precoding. 
In this paper, we consider both Dense Urban FR1 and the Urban Macro UMa scenarios. Like the analysis presented in [3] and [4], the performance assuming the two different precoding schemes are compared. It is shown that the gain in terms of XR system capacity with enhanced cooperative MIMO scheme with uneven load is substantial 88% for the Dense Urban FR1 scenario, and 56% for the Urban Macro UMa scenario. 

FR1 Simulation Assumptions and Results
Simulation Assumptions
This section includes the simulation assumptions used for Dense Urban FR1 and Urban Macro FR1 scenarios which follow the agreements made in meeting RAN1 #104-e and RAN1 #104-bis-e. The corresponding results are presented in Section 2.2. Table 1 summarizes the System Level Simulation SLS assumptions while Table 2 summarizes the traffic model parameters assumptions that were made to obtain the capacity results in Section 2.2 and Section 2.3. We further discuss the precoding, scheduling, traffic arrival offset assumptions made to compute the capacity of the system. 
In RAN1 #104-bis-e meeting, RAN1 agreed on the exact parameters of Truncated Gaussian for the packet size distribution as well as the parameters of the jitter distribution which are presented in Table 2. The air interface delay budget used for the evaluations is 10 msec and the delay is measured from the point when a packet arrives at gNB to the point when it is successfully delivered to UE.

Table 1: Simulation Assumptions
	Scenario
	Dense Urban FR1
	Urban Macro FR1

	Channel Model
	UMa TR 38.901
	UMa TR 38.901

	Layout
	21 cells with wraparound
	21 cells with wraparound

	ISD
	200 m
	500 m

	Carrier
	4 GHz
	4 GHz

	SCS
	30 kHz
	30 kHz

	BS height
	25m
	25m

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	9 dB
	9 dB

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Channel estimation DMRS
	Realistic
	Realistic

	UE speed
	3km/hr
	3km/hr

	MCS
	Up to 256 QAM
	Up to 256 QAM

	BS antenna pattern
	3 sector radiation pattern, 8 dBi
	3 sector radiation pattern, 8 dBi

	UE antenna pattern
	Omni-directional, 0 dBi,
	Omni-directional, 0 dBi,

	UE distribution
	80% indoor and 20% outdoor
	80% indoor and 20% outdoor

	BS antenna
	Option 1: 64 TxRUs (8,8,2,1,1;4,8)
(0.5 lambda, 0.5 lambda)
	Option 1: 64 TxRUs (8,8,2,1,1;4,8)
(0.5 lambda, 0.5 lambda)

	Downtilt
	12 degree
	6 degree

	BW
	100 MHz
	100 MHz

	UE antenna
	Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
	Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	BS Tx power
	44 dBm per 20 MHz
	49 dBm per 20 MHz

	UE Tx power
	23 dBm
	23 dBm

	HARQ
	Number of retransmission: 4
	Number of retransmission: 4

	TDD configuration 
	Option 2: DDDUU
	Option 2: DDDUU

	UE height in meters
	hUT=3(nfl – 1) + 1.5
nfl=1 for outdoor UEs 
nfl ~ uniform (1,Nfl) where Nfl ~uniform (4,8)
	hUT=3(nfl – 1) + 1.5
nfl=1 for outdoor UEs 
nfl ~ uniform (1,Nfl) where Nfl ~uniform (4,8)



Table 2: Traffic Model Simulation Assumptions for Dense Urban FR1 and Urban Macro FR1 Scenarios
	PDB for DL video stream
	10 msec

	Average Data Rates
	30 Mbps

	Frame rate
	60 fps

	Jitter
	· Truncated Gaussian
· Mean 0 msec
· STD 2 msec
· Range [-4, 4] ms

	Packet Size Distribution
	· Truncated Gaussian
· Mean 30 Mbps x 16.667 ms/frame = 500 kbits/frame
· STD  10.5% x mean
· Max: 1.5 x mean
· Min: 0.5 x mean




Further assumption on DL traffic model
In RAN1 #104-bis-e the following agreement was made for the case of single stream per UE in DL.
Agreement:
In case of single stream per UE in DL, a UE is declared a satisfied UE if more than X (%) of packets are successfully delivered within a given air interface PDB. 
· The baseline X value is 99. 
· Other values of X can be optionally evaluated, e.g., X < = 95, X=99.9. 
· Additional combinations of (X, PDB) values can be optionally evaluated, e.g., 
· (99, 7), (95, 13) for VR/AR
· (99, 12), (95, 18) for CG
· FFS: Different values for I-frame and P-frame if evaluation of them is agreed. 

In this contribution, the single stream per UE in DL is assumed and a UE is declared as a satisfied UE if more than 99% of packets are successfully delivered within 10 msec PDB.
In RAN1#103-e meeting the following agreement was made regarding the system capacity [3]
Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations







We focus on the exact value of X being 90%, that is the system capacity is defined as the maximum number of users per cell such that at least 90% of UEs being satisfied.
Assumption on the traffic arrival offset 
An important consideration that may affect the XR system capacity is the consideration of whether the periodic traffic pattern of XR users is aligned or have an offset relative to each other. In this paper, to reduce the number of evaluation results, we only consider the latter case, which represents the best case with the anticipated better performance where the UEs have arrival offsets uniformly spread out within the packet arrival period. 
Assumption on the gNB precoding
The baseline performance assumes the gNB performs zero forcing precoding to null the MU-MIMO interference. The corresponding results are presented in Section 2.2. A cooperative MIMO scheme based on DL interference probing (by uplink SRS utilizing TDD channel reciprocity) is then evaluated with the corresponding results in section 2.3. The description of the enhanced precoding is described in detail therein. 
Assumption on the uneven/even load
For “uneven load”, it means the average number of UE’s across all cells. In this case, the actual number of UE’s from cell to cell can be different, depending on the cell association. For “even load”, every cell has exactly same number of UE’s associated with it. In this contribution, we focus on the “uneven load”.

[bookmark: _Hlk68092390]Capacity Results with Zero forcing Precoding
With the simulation assumptions made in Section 2.2 and while assuming zero-forcing precoding, the percentages of satisfied UEs with satisfaction rate of 99% for Dense Urban and Urban Macro results are shown in Figure 1. For each scenario, uneven is investigated. With the threshold of 90%, the capacity of XR system is limited to ~8.7users/cell for Dense Urban scenario, and ~6.1users/cell for Urban Macro scenario. 

 [image: ]
Figure 1: Zero forcing Precoding Capacity Results 

Table 3: Capacity of the XR system assuming ZF precoding (with offset)
	Scheme
	Capacity (users/cell) (Uneven UE Load)

	Dense Urban FR1
	[bookmark: _Hlk71044689]~8.7

	Urban Macro FR1
	~6.1



This Dense Urban result is different from the result we presented in last meeting [4] and now is improved by about 2 UEs. The reason is in last meeting, the uplink SRS power control was not implemented for the downlink channel estimation, which gave worse downlink channel estimation errors thus worse DMRS beamforming and throughput. For the same reason, the fix will improve the performance in Section 2.3 for the cooperative MIMO results.
Observation 1: For the FR1 Dense Urban Scenario and with the assumption of zero forcing precoding, the capacity of the XR system is ~8.7 UEs/cell  for uneven UE load.
Observation 2: For the FR1 UMa Scenario and with the assumption of zero forcing precoding, the capacity of the XR system is ~6.1 UEs/cell  for uneven UE load.
Proposal 1:  Study enhancements to MU-MIMO with a large number of antennas in order to increase the system capacity of XR

Capacity Results with Cooperative MIMO 
Cooperative MIMO for TDD with Downlink Interference Probing via SRS
Massive MIMO is considered as the major technique to achieve very high SE performance. One of the main issues in Massive MIMO is how to obtain accurate knowledge of the channels to enable spatial multiplexing of transmissions to multiple users without strong inter-user interference. For FDD systems, a relatively smaller number of antennas in the system limits the potential of performance, and in addition, without channel reciprocity, CSI acquisition needs to rely on CSI feedback which can lead to higher overhead, longer latency, lower accuracy, and hence limited SE performance. For TDD systems, Massive MIMO works relatively well thanks to accurate CSI acquisition through channel UL-DL reciprocity and generally provides higher SE than FDD. 
However, channel UL-DL reciprocity is so far only utilized for single-cell (non-cooperative) MU-MIMO for TDD system and the gain is still far from what is promised with the massive number of antennas. 
On the other hand, cooperative MIMO (e.g., CoMP in LTE) has not been found successful yet in practice. Here are some insights on the causes:
· Reciprocity in TDD is utilized (only) for channel information estimation for desired signals.
· Intra-cell interference (from MU-pairing) is handled relatively well, but for most scenarios with Massive MIMO inter-cell interference becomes the dominant limiting factor.
· Handling inter-cell interference using channel information of neighbouring cells is not successful even for TDD system:
· Each individual interfering link may not be strong enough to obtain reliable channel information, by CSI feedback or by SRS.
· The number of interfering links to consider is generally large, resulting in overhead, complexity, and robustness issues.
· Each cell (or cell group) uses a centralized approach, which leads to significant complexity, robustness, backhaul, and edge-effect issues.
To resolve these issues and obtain the promised gain from the massive number of antennas, a new approach is proposed here. Instead of trying to obtain channel state information of interfering links and then determine precodings jointly at a centralized entity, SRS is enhanced to directly reflect DL interference spatial information (utilizing UL-DL reciprocity). Each gNB measures the corresponding SRS resources to obtain such information and adjusts its precoding to achieve interference coordination/avoidance.
To utilize TDD UL-DL reciprocity for interference measurement, the key is to tie some sounding activities to scheduled DL transmissions, which may be referred to as DL Interference Probing or SRS Probing. Then by TDD reciprocity, a gNB seeing strong UL interference from a certain spatial direction on the SRS resources (for example, via estimating the UL spatial covariance of interference signal) implies that in DL transmission the gNB will cause strong interference to UE(s) in that direction. The gNB can then adjust the precoding for DL interference avoidance. The gNBs in the network can coordinate the probing SRS resources in a semi-static fashion a priori, but essentially no inter-gNB information exchange is required on the fly. To summarize, DL Interference Probing from UL is possible if the network controls the UEs to transmit SRS in a way that best reflects prospective DL interference. 
The above approach is illustrated in Figure 2, in which the sounding from UEs is based on prescheduling and reflects UE receive beamforming capabilities. As a result, the gNB can acquire DL interference spatial information. The gNB adjusts the precoders and thus DL SINR and SE can be improved. Furthermore, depending on the network implementation, more users/layers may be paired for MU-MIMO (such as via less conservative scheduling), yielding even higher SE gains. This approach of interference probing and mitigation, namely SRS probing, can be used to enable a variety of communication schemes to be implemented, generally in the category of Cooperative Massive MIMO.

[image: ]
Figure 2: TDD DL SE performance enhancement via interference probing and mitigation. To convey spatial information about the interference (both intra-cell and inter-cell) to the network, flexible A-SRS triggering based on prescheduling may be used.
The above approach is effective to suppress both inter-cell and intra-cell interference. This approach also has the following advantages:
· Distributed across gNBs (or TRPs) in the network, with low computational complexity for each gNB
· No or little channel information exchange among gNBs
· Can adapt to inter-cell interference, including unknown interference from non-cooperative gNBs or outside of the network (e.g., from other service providers, small cells, etc.)
· No need to estimate element-wise channel, reducing the complexity and overhead.
One specific way to implement is called bi-directional training (BiT); see, e.g., [5][6][7] (and references therein) for details for algorithms for narrowband systems, wideband systems, and dynamic TDD systems. Alternatively, BiT without multiple iterations (i.e., only one shot of interference probing before the PDSCH transmission, as shown in Figure 2) can be performed, in which beamformed sounding based on conventional DL channel measurement and interference measurement is used. The latter is more practical for typical wireless communications. 
Capacity Results with BiT precoding
In this section, the results herein are divided into Dense Urban and UMa while assuming the cooperative MIMO transmission scheme.
Dense Urban Results
With the assumption of BiT precoding described in Section 2.3.1, the capacity of the XR system has increased to ~16.4 UEs with the assumption of having uneven users traffic arrive with random offset. The advantage of BiT comes from the fact that inter and intra cell interference is nulled which may be achieved as explained in Section 2.3.3.

[image: ]
Figure 3: Capacity Results with BiT precoding: Dense Urban FR1, Uneven loads
Urban Macro Results
The capacity of the UMa scenario assuming the BiT precoding increases to ~9.5 UEs with the assumption of having BiT precoding.

[image: ]
Figure 4: Capacity Results with BiT precoding: Urban Macro FR1, Uneven UE loads
Table 4: Capacity of the XR system assuming BiT precoding (with offset)
	Scheme
	Capacity (users/cell) (Uneven UE Load)

	Dense Urban FR1
	~16.4

	Urban Macro FR1
	~9.5



Observation 3: For the Dense Urban Scenario with the BiT precoding assumption, the gain is 88% for the XR system capacity with the assumption of having uneven.
Observation 4: For the UMa Scenario with the BiT precoding assumption, the gain is 56% for the XR system capacity with the assumption of having uneven load.
Observation 5: TDD ZF performance can be significantly improved by flexible A-SRS triggering with dynamically indicated partial frequency sounding.
Proposal 2: Capture in the TR results for TDD with and without Cooperative MIMO via DL interference probing based on SRS enhancements to improve XR system capacity.

Further Performance Analysis Dense Urban FR1 scenario
The performance analysis in this section include: Resource Utilization (RU), 5%ile UPT and SINR CDF. It is assumed that there are 12 UEs/cell. The assumptions include a traffic arrival offset for UEs. The simulations have demonstrated generally similarly high gains of BiT over baseline ZF.
Similarly, the results presented in this section is a little different from the results we presented in last meeting [4] due to the fixing of the downlink channel estimation by adding the uplink SRS power control. However, we still see decent gain of RU, reduction of UPT and gain of SINR CDF.
Resource Utilization 
In Figure 5, we also see that BiT can substantially reduce the RU with the same assumption of traffic load as that of ZF. The gain of (15%) results from the increased spectrum efficiency due to much higher SINR (as shown in Figure 7) resulting from better interference suppression with BiT. With the reduction of RU the interference in the network is reduced, further improving the SINR and UPT in the system as shown in the section 2.3.3.2 and 2.3.3.3.
[image: ]
Figure 5: RU comparison of BiT (with one-shot interference probing) and ZF-based Massive MIMO

5%UPT 
With one-shot BiT, significant UPT gains (52% for 5%ile UPT) are achieved over ZF as shown in Figure 6. The gains primarily come from increased DL SINR and the increased total number of paired layers due to effective inter-cell interference avoidance.

[image: ]
Figure 6: Performance comparison of BiT (with one-shot interference probing) and ZF-based Massive MIMO for 5%ile UPT
 
SINR 
In Figure 7 a comparison of BIT and ZF show an SINR improvement of about 6 dB at 50%ile due to the superb capability of interference mitigation by BiT. The gains on DL SINR is due to effective inter-cell interference avoidance which results in increase in UPT, decrease in RU and decrease in PER.

[image: Chart, line chart

Description automatically generated]
Figure 7: Performance comparison of BiT (with one-shot interference probing) and ZF-based Massive MIMO for DL SINR


Conclusions
In this contribution, we present our views on evaluation methodology. Cooperative MIMO scheme via precoding technique based on DL interference probing is evaluated and compared to baseline MU-MIMO using zero forcing precoding. It is shown that the former increases the XR system capacity by 56~88% for the DU and UMa scenarios when UEs have traffic arrival offset and uneven UE loads. Based on the discussions in the previous sections we propose the following: 

Proposal 1:  Study enhancements to MU-MIMO with a large number of antennas in order to increase the system capacity of XR
Proposal 2: Capture in the TR results for TDD with and without Cooperative MIMO via DL interference probing based on SRS enhancements to improve XR system capacity.

Observation 1: For the FR1 Dense Urban Scenario and with the assumption of zero forcing precoding, the capacity of the XR system is ~8.7 UEs/cell  for uneven UE load.
Observation 2: For the FR1 UMa Scenario and with the assumption of zero forcing precoding, the capacity of the XR system is ~6.1 UEs/cell  for uneven UE load.
Observation 3: For the Dense Urban Scenario with the BiT precoding assumption, the gain is 88% for the XR system capacity with the assumption of having uneven.
Observation 4: For the UMa Scenario with the BiT precoding assumption, the gain is 56% for the XR system capacity with the assumption of having uneven load.
Observation 5: TDD ZF performance can be significantly improved by flexible A-SRS triggering with dynamically indicated partial frequency sounding.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref45631853][bookmark: _Ref6583376][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-201145, “Revised SID on XR Evaluations for NR”, Qualcomm, RAN#88e.
[bookmark: _Ref17737264][bookmark: _Ref52731054]3GPP RAN1, RAN1#104-e, Chairman Notes.
R1-2102771, “XR initial evaluations”, Futurewei, RAN1#104-bis-e
R1-2104209, “XR initial evaluations”, Futurewei, RAN1#105-e
H. Zhou, J. Liu, Q. Cheng, D. Maamari, W. Xiao, and A. C. K. Soong, "Bi-Directional Training with Rank Optimization and Fairness Control," in 2018 IEEE 88th Vehicular Technology Conference (VTC-Fall), 2018.
J. Liu, Q. Cheng, W. Xiao, D. Maamari, and A. C. K. Soong, "Bi-directional Training for Wideband Systems," in 2019 IEEE 89th Vehicular Technology Conference (VTC-Fall), 2019.
[bookmark: _Ref68602012]R1-2102765, “Enhancements on SRS flexibility, coverage and capacity”, FUTUREWEI, RAN1#104-bis-e.
image3.emf
5 10 15 20

numUE/sect

75

80

85

90

95

100

P

e

r

c

e

n

t

a

g

e

 

U

E

 

S

a

t

i

s

f

a

c

t

i

o

n

8C64T,XR,DU,nDrop; PSR >= 99%

ZF

BiT


image4.emf
5 6 7 8 9 10 11 12 13

numUE/sect

60

65

70

75

80

85

90

95

100

P

e

r

c

e

n

t

a

g

e

 

U

E

 

S

a

t

i

s

f

a

c

t

i

o

n

8C64T,XR,UMa,nDrop; PSR >= 99%

ZF

BiT


image5.emf
8C64T,XR,DU,nDrop

-14.8%

12 UE

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

R

U

ZF

BiT


image6.emf
8C64T,XR,DU,nDrop

51.5%

12 UE

0

20

40

60

80

100

120

140

5

%

 

U

P

T

 

[

M

b

p

s

]

ZF

BiT


image7.png
CDF

09

08

[ik4

06

05

04

03

02

01

BC64T,XR,DU,nDrop; 12 UE

zF
BIT

10

20

EY 40
SIR PDSCH-layer1

50

60

70

80





image1.emf
5UE 6UE 7UE 8UE 9UE 10UE 11UE 12UE

numUE/sect

60

65

70

75

80

85

90

95

100

P

e

r

c

e

n

t

a

g

e

 

U

E

 

S

a

t

i

s

f

a

c

t

i

o

n

8C64T,XR,ZF,nDrop; PSR >= 99%

DU

UMa


image2.png
T
8 .

MU (pre-)

Estimateinterference
spatial information

scheduling

Paired UEs I I

SRS
trigger

SRS
(interference
probing)

(e.g. covariance matrix)

Adjust
precoders

time

>

DL Tx w/
adjusted
precoder

1

>




