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1	Introduction
In [1], a new SI on evaluations for XR was agreed. In this contribution, we provide some initial system simulations for one particular scenario and highlight the impact of some factors that affect the capacity.
The first results will be on DL, according to our preferred priority order. However, it is important to also study UL.
[bookmark: _Ref178064866]2	Discussion
XR services are one of the key services for 5G. XR requires a bounded latency to ensure the QoE of the service. At the same time, the bit rate of XR services is in many cases high. This puts somewhat new requirements on the 5G radio interface, and it is vital to understand the capacity impact of a wide-spread deployment of XR services in a cellular network.
To support the understanding of mobile XR performance, an SI has been started in RAN1 [1]. The target of the SI is to describe the performance of a baseline Rel-15/16 NR based cellular system.
The traffic model will be provided by SA4, but until this is available, we will employ a simple periodic model. In this contribution, we will use the traffic model parameters described in the table below. 
	Parameter
	Value

	Frame rate
	60 Hz

	Frame size
	25 kB


Table 1: Traffic model parameters. This corresponds to a bit rate of 12 Mbps, which would roughly correspond to HD quality with H.265.
XR services require bounded latency. Cellular systems have since long taken advantage of two factors that increase the latency:
· Retransmissions: the modulations and coding scheme for each transmission is selected so that the error rate for the initial transmission is ~10%. Retransmissions are then used if an error occurs. Sometimes 2 or more retransmissions are needed before the packet is correctly decoded. Each retransmission adds a few slots to the transmission time of the packet.
· Scheduling: the scheduler may utilize the time-diversity in the channel. At a certain point, a user with a good channel may be prioritized over a user with worse quality, but this requires that the packet of the worse user can be delayed.
For services with bounded latency requirements, the effectiveness of these two features may be reduced. We thus realize that there is a tradeoff between very strict latency bounds and capacity. To illustrate this, we will thus investigate performance with different latency bounds.
As described in [2], we use the following capacity definition:
· The capacity C(L, R, Y) is the maximum number of users per cell under which Y% of UEs in a cell operate with target link reliability R under L latency bound.
In this contribution, we will use R=99%, and illustrate Y as a function of load and L.
2.1	Performance of the baseline system
XR performance will be evaluated for a baseline system operating at 4 GHz, using an SCS of 30 kHz. The system deployed is 100 MHz TDD, with a 3:1 TDD pattern. A dense urban scenario with only the macro layer is considered. All UEs are outdoor. A massive MIMO gNB with 32 antenna elements is assumed. The UEs have 4 Rx antennas and PDSCH processing capability 2. The results are depicted in Figure 1.
[image: ]
[bookmark: _Ref54354924]Figure 1: Basic scenario. BLER target: 10%, 4Rx antennas, PDSCH processing capability 2.
From Figure 1, we see the clear impact of the latency threshold. With a 15ms latency bound, the capacity is something like 25% higher than with a 10ms latency bound. Increasing the latency bound beyond 15ms does not lead to small improvements. This is not surprising, since new packets arrive every 16.67ms, and as a rule of thumb, one packet needs to be delivered before the next packet arrives.
2.2	Decreased HARQ BLER target
One feature that is often identified as a tool to reduce latency is to decrease the HARQ BLER target, to reduce the number of HARQ retransmissions. A reduced number of retransmissions decrease latency. 
To investigate how efficient this is, we changed the target HARQ BLER to 1%. This means that the link adaptation becomes less aggressive, i.e., that more robust MCSs are selected. More robust MCSs imply that smaller transport blocks are selected. The results are depicted in Figure 2.

[image: ]
[bookmark: _Ref54356864]Figure 2: Basic scenario, but with HARQ BLER target equal to 1%.
From Figure 2, we see that the capacity is reduced when the BLER target is decreased. Simply reducing the BLER target without additional improvements will not lead to higher capacity.
2.4	Two UE Rx antennas
We now illustrate the impact of standard performance enhancing features, and here we have chosen the number of UE Rx antennas. It is well-known that more UE antennas increase the performance: it provides better performance for a constant number of layers, and it makes it possible to use more layer. Apart from this, the other parameters are the same as for the baseline scenario. The results are depicted in Figure 3.
 [image: ]
[bookmark: _Ref54358886]Figure 3: Basic scenario, but with two UE RX antennas.
The results are depicted in Figure 3. It is clear that the capacity is reduced from the reduction of the number of UE Rx antennas.
[bookmark: _GoBack]This is thus an example of an eMBB feature that is also applicable to XR. Reducing the number of UE RX antennas (e.g., to reduce UE complexity and/or power consumption) will reduce capacity.
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Appendix
	Parameters
	Values

	Frequency Range
	FR1 @ 4 GHz, SCS: 30 kHz, BW: 100 MHz

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (2, 8, 2, 1, 1). (dV, dH) = (0.8, 0.5) λ. 
gNB Antenna has physical down-tilt of 14 degrees 

	Duplex method
	TDD 3:1

	UE Antenna Configuration
	(M, N, P) = (1, 2, 2), or  (M, N, P) = (1, 1, 2)  

	Link adaptation
	Outer loop adaptation + 32-port CSI-RS Type I codebook

	Control and RS overhead
	Explicit modelling of control and RS overhead

	Transmission scheme
	Up to rank 4 transmission

	Algorithm details (when applicable)
	Beam update mechanism: Exhaustive joint P2 & P3 sweep every {10, 20, 80, 160, 240} ms
Beam activation delay: Configured with {1 slot, 4 ms, 12 ms, 36 ms} activation delay
Beam metric: L1-RSRP (from full bandwidth beamformed path gain)

	Other potential impairments
	Not modelled (assumed ideal)

	Target BLER
	10% 

	Scenario
	Dense Urban (macro-layer only, TR 38.913), 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 100% outdoor 

	Channel model
	UMa 5G (TR 38.901), outdoor

	BS Tx power
	49dBm

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE distribution
	Randomly over the system

	UE receiver
	MMSE-IRC

	CSI feedback
	Realistic, including CSI quantization
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