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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#95-e meeting, the updated Rel. 18 FS_NR_XR_enh SID [1] was approved. There are three groups of objectives in the new SID. The third group of objectives in [1] are:
	[bookmark: _Hlk101185893]The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
…

Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



During the first Rel-18 RAN1 meeting, a number of agreements/conclusions have been reached for XR capacity enhancements agenda item including to use Rel-17 XR evaluation methodology captured in TR 38.838 for XR capacity enhancement study, to down prioritize network coding, and some common principles for assessment of the candidate capacity enhancement techniques and proper baseline to show capacity performance gain. In addition, lists of enhancement techniques are agreed for further study.
In this contribution, we first analyze the enhancements proposed during the last meeting and how the study may progress, and relevant conclusion may be drawn based on the agreed principles. The key observation is that the PDCCH/DCI overhead is not an issue for XR. We propose that the focus of the study should be on dynamic scheduling schemes improving capacity.
Two transmission schemes are then evaluated in this contribution: A baseline zero-forcing transmission scheme and a transmission scheme based on cooperative MIMO. In Section 4 and 5, we present downlink simulation results for different configurations. It is shown that the gain in terms of XR system capacity with enhanced cooperative MIMO scheme with MU-MIMO is substantial in the range of 11.1~64.8% for various configurations. The trend is similar to what we observed in [3] which was adopted in [4].
In addition, we were able to determine that the inaccuracy of the instantaneous feedback of CQI is the key factor that causes aggressive MCS assignment, thus causing the XR packet error and poor performance. We implemented an IIR filtering of the CQI to enable smoother and more conservative MCS assignment, which lead to generally better performance than before. A brief description of the enhancement is included in Section 3.2.


2 [bookmark: _Hlk110862280]Comparison and analysis of the proposed enhancements for XR capacity improvement

2.1 Principles for assessment and study
To facilitate further discussion and comparison of the proposed techniques for XR capacity improvement, agreements are reached in last meeting on a set of common principles as the following:Agreement
· For each candidate capacity enhancement technique for XR traffic, companies are encouraged to consider the following common principle for assessment of the candidate capacity enhancement technique:
· Identify the XR-specific issue(s) that the enhancement technique is addressing
· Identify the necessity of the enhancement technique to address the issues
· Identify whether/how the enhancements provide benefit/performance capacity gain.
· Consider at least feasibility, complexity, and system level performance evaluations in comparing the enhancement techniques. Power saving gains for a given enhancement technique can optionally be evaluated and considered in addition to these other aspects.
· The baseline scheduling scheme when comparing the proposed capacity enhancements techniques is:
· Dynamic scheduling and/or
· Semi-persistent scheduling / Configured grant scheduling
· Note: Companies are encouraged to additionally use DG scheduling as the baseline scheduling scheme when showing the capacity performance gain
Agreement
· To support a candidate capacity enhancement technique for XR traffic, capacity performance gain by the technique as compared to baseline should be shown.
· Capacity performance gain by the candidate technique as compared to baseline is a necessary condition to consider supporting the candidate technique.


Discussion and clarification of these common principles are given below before applying them to analyze the proposed enhancements in the following subsections. 
[bookmark: _Ref88035881][bookmark: _Hlk110862104]XR-specific issue(s): based on the Rel-17 XR initial study and evaluation results captured in TR 38.838 [4], XR traffic is very challenging for 5G NR to support.  As shown in Table 7.3.1.1‑1 of TR 38.838, for FR1 with 100 MHz system bandwidth, on average, number of XR users that can be supported per cell is only of single digital for most cases. With lesser data rate and relaxed delay requirement, it is somewhat higher but is still only of low teens. The fundamental issue is the combination of high data rate (30 Mbps or higher), low packet delay budget, and high reliability (99% or higher), of the XR traffics. Other issues such as PDCCH/DCI overhead, jitter of package arrival, non-integer periodicity, variable burst sizes, multi-streams, etc., are secondary to system capacity improvement. At least for dynamic scheduling, these are not the real issue. 
[bookmark: _Hlk110862209]Necessity of the enhancement technique: to address this fundamental issue, real improvement of capacity should be achieved without lowing the data rate, delay, and reliability requirements. The necessity of the technique lies in its effectiveness to handle XR traffic with stringent requirements on data rate, delay, and reliability to achieve higher capacity.
Whether/how the enhancements provide capacity gain: first, evaluation results should be provided to show capacity gain under agreed scenarios. In addition, analysis should be conducted to show the mechanism that leads to the capacity gain under these scenarios.
Capacity gain over baseline: the baseline should be the scheme till Rel-17 that achieve the best capacity results for XR traffic.
Based on the above analysis, we have the following observations and proposal:
Observation 1: PDCCH/DCI overhead is not the bottleneck for XR system capacity improvement. 
Observation 2: For XR capacity improvement, the necessity of an enhancement technique lies in its effectiveness to handle XR traffic with stringent requirements on data rate, delay, and reliability to achieve higher capacity. 
Proposal 1: For XR capacity improvement, the focus of the study should be on dynamic scheduling schemes.

2.2 [bookmark: _Hlk110862803]Enhancement for SPS/CG transmissions
A set of proposed techniques are given below which intends to improve capacity with SPS/CG transmissions. Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique


[bookmark: _Hlk110862556]SPS/CG transmissions are designed to reduce PDCCH/DCI transmission/monitoring and hence possibly to reduce power consumption. At the same time, due to reduced scheduling opportunity, less flexible resource allocation and link adaptation, lack of MU-MIMO capability, etc., it is expected that SPS transmission will result in significantly lower capacity even for full buffer or FTP traffics. For XR traffic with stringent data-rate/latency/reliability requirements, the degradation of system capacity can be even more severe compared to dynamic scheduling. Note that with the limited number of users per cell for XR traffic, PDCCH overhead is not an issue at all. CG transmission for uplink has the advantage of without needing to wait for SR/BSR from the UE and hence can potentially reduce the overall latency of packet deliverable and improve capacity.
The proposed techniques are just trying to reduce the capacity loss of the SPS/CG transmissions. How much that can be done without changing the fundamentals of the SPS/CG mechanism is yet to be shown. Overall, it is hard to see it as a capacity improvement effort. The best it can achieve is to get closer (but still much less) to what dynamic scheduling can do and therefore far from solving the capacity issue we have for XR traffic.
Based on the above analysis, we propose the following:
Proposal 2: For enhancement for SPS/CG transmissions to improve XR capacity, focus study on enhancement for CG transmission for uplink.

2.3 [bookmark: _Hlk110863633]Enhancement for dynamic scheduling/grant transmissions
A set of proposed techniques are given below which intends to improve capacity with dynamic scheduling/grant transmissions. 
Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based dynamic scheduling/grant transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to extending capability of single DCI scheduling multi-PDSCHs/PUSCHs for FR2-2 to FR1/FR2.
· Note: whether and how to discuss enhancements may depend on the outcome of Rel-17 B52.6G UE feature discussion
· Study enhancements related to HARQ-ACK and/or CBG transmissions for single DCI scheduling one or multi PDSCH(s).
· Study enhancements related to allowing different configurations per PDSCH/PUSCH
· Study enhancement related to scheduling request and/or BSR with the focus on L1 enhancements.
· Note: Other studies are not precluded as well as the combination of the above studies.
· Follow the common principle for assessment of the candidate capacity enhancement technique.


[bookmark: _Hlk110863812][bookmark: _Hlk110863865]The proposed techniques are related to single DCI scheduling multi-PDSCH/PUSCH except the last one which is for SR/BSR enhancement. As the number of users per cell is relatively small for XR traffic, PDCCH/DCI overhead is not the bottleneck for system capacity. Instead of improving capacity, single DCI scheduling multi-PDSCH/PUSCH losses some flexibility of scheduling in terms of resource allocation, link adaptation, MU-MIMO pairing, etc. and may in fact decrease capacity. Therefore, the reason to utilizing and enhancing single DCI scheduling multi-PDSCH/PUSCH for XR capacity improvement needs to be clarified in addition to show performance gain over baseline dynamic scheduling scheme.
About enhancing SR/BSR, detailed scheme may be clarified and studied. One of the arguments for CG transmission is that it does not need SR/BSR from the UE and hence can potentially reduce overall latency. Overall trade off needs careful study and evaluation is needed to show which approach can achieve better capacity performance and what enhancement can bring further capacity improvement. About finer BSR report, based on the current design, when 8 bits buffer status field is used, the step size of the report is only about 6.5% incremental in range of relevant to XR traffic. Therefore, the space for improvement is very limited.
Based on the above analysis, we have the following observation:
Observation 3: For enhancement for dynamic scheduling/grant transmissions to improve XR capacity, the proposed techniques related to single DCI scheduling multi-PDSCH/PUSCH are trying to reduce PDCCH/DCI overhead, which is not the bottleneck for XR system capacity.  The space for improvement for proposed techniques related to SR/BSR is very limited.
 
2.4 Enhancement for link adaptation
A set of proposed techniques are given below which intends to improve capacity via link adaptation related enhancements. Agreement
[bookmark: _Hlk110862961]The following lists the candidate enhancements techniques for link adaptation to improve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponents are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Delta MCS
· Soft HARQ-ACK feedback
· Cooperative MIMO scheme via precoding technique - bi-directional training
· Enhanced link adaptation for CBG-based transmission
· CSI report enhancements to address the different BLER requirements of different XR flows
· Follow the common principle for assessment of the candidate capacity enhancement technique.

[bookmark: _Hlk110864307]Some of these proposals, for example Delta MCS, soft HARQ-ACK feedback, and CSI report enhancements, have been discussed in Rel-17 CSI enhancement for URLLC and no consensus was reached on their benefit for URLLC traffic. Applying these proposals to XR traffic, issues discussed during Rel-17 are still to be addressed, such as:
· The lack of capability to deal with CSI state variation caused by bursty interference and/or change of subband/beam/spatial layers between the time when report/feedback is measured and the time when data packet is transmitted, 
· The uncertainty on deriving report/feedback as it also depends on whether soft-combining between initial transmission and retransmission should be considered, 
· Potential mis-alignment between assumed BLER target at UE and actual operating BLER target,
· Potential impact on UE processing timeline, and 
· Potential impact of additional UL overhead and related feedback channel reliability.  
Regarding enhanced link adaptation for CBG-based transmission, since 4-bit full sub-band CQI has been adopted in Rel-17, where the frequency domain granularity of sub-band CQI can better match the required frequency resource for CBG-based transmission, it is hard to see the benefit the enhanced link adaptation for CBG-based transmission can bring compared to 4-bit full sub-band CQI.  On the other hand, in Section 3.2, we show that using IIR filtering of CQI at the gNB can improve the system capacity without specifying new link adaptation enhancements.
Cooperative MIMO scheme via interference probing and mitigation is described and evaluated in the following sections to show its mechanism and performance benefits.
Based on the above analysis, we propose the following:
Proposal 3: For enhancement for link adaptation to improve XR capacity, avoid repeating discussions on CSI enhancement schemes that have been discussed in Rel-17 CSI enhancement for URLLC.
Proposal 4: For link adaptation for XR, reuse the 4-bit full sub-band CQI together with implementation-based CQI filtering.  

2.5 Enhancement for measurement-gap
A set of proposed techniques related to measurement-gap are given below to improve XR capacity. Agreement
The following lists the candidate enhancements techniques based on measurement-gap link to improve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponents are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Dynamic L1 based MG activation/deactivation. 
· Reuse current R16/R17 RRM relaxation condition to allow scheduling in MG to transform the R16/R17 RRM power saving gain into capacity gain.
· Follow the common principle for assessment of the candidate capacity enhancement technique.


We are open to study this proposal if capacity gain can be shown for typical scenarios/configurations. However, it is unlikely that UE will be configured with measurement gap and provide seamless XR service simultaneously, because usually at this moment, inter-frequency measurement has higher priority. Furthermore, since the scenarios will be different from the scenarios agreed so far, new baseline and assumptions/scenarios need to be defined before investigating the proposals. In addition, the room of improvements is expected to be limited, one of the reasons being that the UE may handle XR traffic with a PDB of 10-15ms, which is much longer than the duration of measurement gap. Besides, measurement-gap enhancement also needs RAN4 involvement. It is unclear whether RAN4 has the capacity to handle this topic given their already very busy schedule.
Based on the above analysis, we propose the following:
Proposal 5: For enhancement for measurement-gap, down prioritize this topic and reuse existing schemes as much as possible. New baseline and assumptions/scenarios need to be defined before investigating the proposals.

2.6 [bookmark: _Hlk110864674]Enhancement for multiplexing techniques
A set of proposed techniques related to inter-UE/intra-UE multiplexing are given below to improve XR capacity. 

Before investigating these proposals, a few things need to be clarified and defined. First, the scenarios must be defined to study the inter-UE/intro-UE multiplexing issues and performance and these scenarios will be different from the scenarios agreed so far and the relevance of such scenarios and issues to capacity improvement objective is not clear. Furthermore, for these to-be-defined scenarios, proper baseline scheme along with its configuration is to be defined. Note that some overall multiplexing scheme, inter/intra-UE
as well as eMBB/XR/URLLC combinations are all under consideration and situation can be quite complicated.Agreement
The following lists the candidate enhancements techniques to improve XR capacity that are proposed by companies RAN1#109-e.
· At least the proponents are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Inter-UE/intra-UE multiplexing techniques, including e.g. finer granularity preemption indication
· Follow the common principle for assessment of the candidate capacity enhancement technique.


Based on the above analysis, we propose the following:
Proposal 6: For enhancement for multiplexing techniques to improve XR capacity, the scenarios need to be clarified and defined first before investigating the proposals.

3 [bookmark: _Ref110953754]Simulation Configurations
3.1 FR1 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 4 and Section 5. 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 4 and Section 5. 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 ms and 15 ms for AR/VR and CG, respectively, 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 retransmissions: 4
	Number of retransmissions: 4

	TDD configuration 
	Options: DDDUU, DDDSU
	Options: DDDUU, DDDSU

	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: Downlink Traffic Model Simulation Assumptions for Dense Urban FR1 and Urban Macro FR1 Scenarios
	PDB for DL video stream
	10 msec for AR/VR, 15 msec for CG

	Average Data Rates
	30 Mbps and 45 Mbps

	Frame rate
	60 fps

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

	Packet Size Distribution
	· Truncated Gaussian
· Mean 30/45 Mbps x 16.667 ms/frame = 500/750 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 and 15 msec PDB for AR/VR and CG, respectively.
In RAN1#103-e meeting the following agreement was made regarding the system capacity 
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 better case with the anticipated better performance where the UEs have arrival offsets randomly 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 4. 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 5. The description of the enhanced precoding is described in detail therein. 
Assumption on the uneven/even load
For “uneven load”, the reported number of UEs per cell 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, which generally has better performance. In this contribution, we focus on the “uneven load” only, to reduce the number of simulations. In our “uneven load” simulation, we first physically drop users evenly across all sectors, i.e. all sectors physically has same number of users residing in them. After that, we perform cell association for each user with a sector. This will end up with sectors that have different number of users, sometimes drastically different. 
3.2 [bookmark: _Ref110845457]Enhancement Scheme in System Simulation
During the performance evaluations, we observed that XR packet errors and poor performance are often caused by aggressive MCS assignment at some instances. Due to the high MCS assignment, even with the HARQ retransmissions in the PDB time period, combined SINR would not meet required SINR for the MCS assigned. 
The instantaneous feedback of CQI and time delay between CQI feedback and PDSCH transmission coupled with channel/interference variation cause the inaccuracy. We implemented an IIR filtering of the CQI values to enable smoother and more conservative MCS assignment. The process is summarized in figure below.
[image: Graphical user interface, text, chat or text message

Description automatically generated with medium confidence]
Figure 1 CQI Filtering
The CQI filtering scheme is used in all the results presented in this paper. Combining with the relatively slow OLLA adjustment, the MCS assigned is less sensitive to the instantaneous CQI feedback that is heavily based on interferences caused by bursts of data packets scheduled for users in all the sectors. This scheme gives better results than those reported in our previous SI paper [3].
Observation 4: The CQI filtering scheme can help both the baseline zero-forcing transmission scheme and the transmission scheme based on cooperative MIMO. The IIR filtering of the CQI enable smoother and more conservative MCS assignment, which lead to generally better performance for XR traffic.

4 [bookmark: _Ref110951662]Capacity Results with Zero forcing Precoding
In this section, we present the downlink MU-MIMO simulation results with Zero Forcing precoding for data packet rate 45Mbps, with slot configuration of [DDDUU].  More simulation results for various configurations can be found in Section 5.3.
With the simulation assumptions made in Section 3 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 below. For each scenario, uneven load is investigated. With the threshold of 90%, the capacity of XR system is limited to ~8.0 users/cell for Dense Urban scenario, and ~5.2 users/cell for Urban Macro scenario. 
 [image: ]
Figure 2: Zero forcing Precoding Capacity Results 

Table 3: Capacity of the XR system assuming ZF precoding (with offset), data packet rate of 45Mbps, with slot configuration of [DDDUU]
	Scheme
	Capacity (users/cell) (Uneven UE Load)

	Dense Urban FR1
	[bookmark: _Hlk71044689]~8.0

	Urban Macro FR1
	~5.2




5 [bookmark: _Ref110951671]Capacity Results with Cooperative MIMO 
5.1 [bookmark: _Ref110846594]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 below, 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 3: 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 above 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. 
5.2 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. 
We present sample results of the downlink MU-MIMO simulation of data packet rate 45Mbps, with slot configuration of [DDDUU]. Capacity Results with BiT Precoding for various configurations will be presented in Section 5.3 and compared with results of Zero-Forcing precoding baseline. Further performance analysis for dense urban FR1 scenario can be found in the Appendix.
Dense Urban Results
With the assumption of BiT precoding described in Section 5.1, the capacity of the XR system has increased from ~8 UEs to ~13.1 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 5.1.
[image: ]
Figure 4: Capacity Results with BiT precoding: Dense Urban FR1, Uneven loads

Urban Macro Results
The capacity of the UMa scenario assuming the BiT precoding increases from 5.2UEs to ~6.6 UEs with the assumption of having BiT precoding.

[image: ]
Figure 5: Capacity Results with BiT precoding: Urban Macro FR1, Uneven UE loads
Table 4: Capacity of the XR system assuming BiT precoding (with offset), data packet rate of 45Mbps, with slot configuration of [DDDUU]
	Scheme
	Capacity (users/cell) (Uneven UE Load)

	Dense Urban FR1
	~13.1

	Urban Macro FR1
	~6.6



Note that the BiT performance of ~13.1 UEs and ~6.6 UEs for DU and UMa are improved from those reported in [3] which was ~10.6 UEs and ~5.5 UEs in the same configuration of data packet rate of 45Mbps and slot configuration of [DDDUU].  The reason for this improvement was described in Section 3.2.
Based on the above analysis, we have the following observation and proposal:
Observation 5: TDD ZF performance can be significantly improved by flexible A-SRS triggering with dynamically indicated partial frequency sounding.
Proposal 7: Support cooperative MIMO via DL interference probing based on SRS enhancements to improve XR system capacity for TDD.

5.3 [bookmark: _Ref110846556]Capacity Results with BiT Precoding for More Configurations
The following tables shows the performance of various configurations according to the table format of standards meeting 107-e, for both Zero-Forcing and BiT precodings.
From the performances of various configurations, we can observe the following phenomena regarding the gains of BiT vs. ZF:
· DU scenario has higher gains than Uma scenario:  This is due to the shorter inter-cell distance in DU scenario. In this case, interference is more dominating than noise. BiT can do good job to suppress interference, but not meant to suppress noise level.
· BiT yields higher gains for higher bit rate of 45Mbps than 30Mbps
In summary, BiT yields higher performance gains in the situations that bit rate requirement is higher, available resource is tighter, channel characteristics is more recent and interference impact is more prominent than noise.

Table 5: Capacity of DU assuming ZF and BiT precoding (with offset)
	Scenario
	App
	PDB 
	Bit rate
	Fps
	MIMO
	Capacity

	
	
	
	
	
	
	[DDDUU]
	[DDDSU]

	
	
	
	
	
	
	ZF
	BiT
	BiT
Gain
	ZF
	BiT
	BiT
Gain

	DU
	AR/VR
 
	10 ms
	45Mbps
 
	60
 
	MU
	8
	13.1
	64.8%
	12.2
	16.9
	38.5%

	
	
	
	30 Mbps
 
	60
 
	MU
	13.7
	19.9
	45.3%
	21.7
	25.8
	18.9%

	
	CG
 
	15 ms
	45Mbps
 
	60
 
	MU
	12.7
	16.9
	33.1%
	17.4
	21.7
	24.7%

	
	
	
	30 Mbps
 
	60
 
	MU
	21.5
	25.6
	19.1%
	27.1
	30.1
	11.1%



Table 6: Capacity of UMa assuming ZF and BiT precoding (with offset)
	Scenario
	App
	PDB 
	Bit rate
	Fps
	MIMO
	Capacity

	
	
	
	
	
	
	[DDDUU]
	[DDDSU]

	
	
	
	
	
	
	ZF
	BiT
	BiT
Gain
	ZF
	BiT
	BiT
Gain

	UMa
	AR/VR
 
	10 ms
	45Mbps
 
	60
 
	MU
	5.2
	6.6
	26.9%
	7
	9
	28.6%

	
	
	
	30 Mbps
 
	60
 
	MU
	8.8
	10.4
	18.2%
	11.4
	13.2
	15.8%

	
	CG
 
	15 ms
	45Mbps
	60
 
	MU
	6.8
	9.4
	38.2%
	9.7
	11.6
	19.6%

	
	
	
	30 Mbps
 
	60
 
	MU
	11.4
	13.3
	16.7%
	14.2
	16
	12.7%



Observation 6: DU scenario experiences higher gains than Uma scenario with the BiT precoding relative to Zero-Forcing precoding, due to the shorter inter-cell distance, in which interference is more dominating than noise.

6 Conclusions
In this contribution, we evaluate performance of XR system capacity for different configurations. 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 11.1~64.8% for the DU and UMa scenarios for various configurations, when UEs have traffic arrival offset and uneven UE loads. Based on the discussions in the previous sections we propose the following: 

Proposal 1: For XR capacity improvement, the focus of the study should be on dynamic scheduling schemes.
Proposal 2: For enhancement for SPS/CG transmissions to improve XR capacity, focus study on enhancement for CG transmission for uplink.
Proposal 3: For enhancement for link adaptation to improve XR capacity, avoid repeating discussions on CSI enhancement schemes that have been discussed in Rel-17 CSI enhancement for URLLC.
Proposal 4: For link adaptation for XR, reuse the 4-bit full sub-band CQI together with implementation-based CQI filtering.  
Proposal 5: For enhancement for measurement-gap, down prioritize this topic and reuse existing schemes as much as possible. New baseline and assumptions/scenarios need to be defined before investigating the proposals.
Proposal 6: For enhancement for multiplexing techniques to improve XR capacity, the scenarios need to be clarified and defined first before investigating the proposals.
Proposal 7: Support cooperative MIMO via DL interference probing based on SRS enhancements to improve XR system capacity for TDD.

Observation 1: PDCCH/DCI overhead is not the bottleneck for XR system capacity improvement. 
Observation 2: For XR capacity improvement, the necessity of an enhancement technique lies in its effectiveness to handle XR traffic with stringent requirements on data rate, delay, and reliability to achieve higher capacity. 
Observation 3: For enhancement for dynamic scheduling/grant transmissions to improve XR capacity, the proposed techniques related to single DCI scheduling multi-PDSCH/PUSCH are trying to reduce PDCCH/DCI overhead, which is not the bottleneck for XR system capacity.  The space for improvement for proposed techniques related to SR/BSR is very limited.
Observation 4: The CQI filtering scheme can help both the baseline zero-forcing transmission scheme and the transmission scheme based on cooperative MIMO. The IIR filtering of the CQI enable smoother and more conservative MCS assignment, which lead to generally better performance for XR traffic.
Observation 5: TDD ZF performance can be significantly improved by flexible A-SRS triggering with dynamically indicated partial frequency sounding.
Observation 6: DU scenario experiences higher gains than Uma scenario with the BiT precoding relative to Zero-Forcing precoding, due to the shorter inter-cell distance, in which interference is more dominating than noise.
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[bookmark: _Ref52888036]Appendix
A.1 Further Performance Analysis for 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 11 UEs/cell on average. The assumptions include a traffic arrival offset for UEs. The simulations have demonstrated generally similarly high gains of BiT over baseline ZF. This section uses the data packet rate of 45 Mbps and downlink slot configuration of [DDDUU].
A.1.1 Resource Utilization 
In figure below, we also see that BiT can reduce the RU with the same assumption of traffic load as that of ZF. The gain of (~7.6%) results from the increased spectrum efficiency due to much higher SINR (as shown in Figure 8) 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 A.1.2 and A.1.3.
[image: ]
Figure 6: RU comparison of BiT (with one-shot interference probing) and ZF-based Massive MIMO

A.1.2 [bookmark: _Ref110870432] 5%UPT 
With one-shot BiT, significant UPT gains (42.4% for 5%ile UPT) are achieved over ZF as shown in figure below. 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 7: Performance comparison of BiT (with one-shot interference probing) and ZF-based Massive MIMO for 5%ile UPT
 
A.1.3 [bookmark: _Ref110870449] SINR 
In figure below, 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 are 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 8: Performance comparison of BiT (with one-shot interference probing) and ZF-based Massive MIMO for DL SINR


image3.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

>




image4.emf
7 8 9 10 11 12 13 14 15

numUE/sect (10 ms pdb)

82

84

86

88

90

92

94

96

P

e

r

c

e

n

t

a

g

e

 

U

E

 

S

a

t

i

s

f

a

c

t

i

o

n

DU,45Mbps,MU,DDDUU; PSR >= 99%

ZF

BiT


image5.emf
4 5 6 7 8 9 10

numUE/sect (10 ms pdb)

78

80

82

84

86

88

90

92

94

96

98

P

e

r

c

e

n

t

a

g

e

 

U

E

 

S

a

t

i

s

f

a

c

t

i

o

n

UMa,45Mbps,MU,DDDUU; PSR >= 99%

ZF

BiT


image6.emf
DU,45Mbps,MU,DDDUU

-7.6%

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

R

U

ZF

BiT


image7.emf
DU,45Mbps,MU,DDDUU

42.4%

0

20

40

60

80

100

120

140

5

%

 

U

P

T

 

[

M

b

p

s

]

ZF

BiT


image8.png
CDF

09

08

[ik4

06

05

04

03

02

01

DU,45Mbps,MU,DDDUU

zF
BIT

10

20

EY

40
SINR data

50

60

0 8





image1.png
BTS

OLLA MCs
Adjustment Assignment





image2.emf
4 5 6 7 8 9 10 11

numUE/sect (10 ms pdb)

80

82

84

86

88

90

92

94

96

98

P

e

r

c

e

n

t

a

g

e

 

U

E

 

S

a

t

i

s

f

a

c

t

i

o

n

45Mbps,MU,DDDUU,zf; PSR >= 99%

UMa

DU


