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Introduction
Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented in this contribution. 

SCell BFR
1 
2 
The following agreement/conclusion was reached in RAN1#97 [1]:

Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only

Agreement
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.

Agreement
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability

Agreement
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell


On the SCell BFRQ procedure, we prefer a single design that is applicable to all deployment scenarios. Therefore, the agreed SCell BFRQ procedure (including the working assumption for Step 2) should be extended for scenarios other than DL-only SCell. 
Proposal: On the SCell BFRQ procedure:
· Confirm the working assumption on Step 2 as agreement
· Extend the procedure to all scenarios including SCell with DL+UL

Support for L1-SINR
The following agreement/conclusion was reached in RAN1#97 [1]:

Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM


Regarding the issues highlighted in yellow, whether to use NZP IMR or CMR in conjunction with ZP IMR is essentially a mix usage of NZP CSI-RS and ZP CSI-RS for interference measurement. At least the following issues arise:
1. The benefit of measuring interference from both NZP and ZP CSI-RS is unclear. There has been no tangible evidence that using NZP CSI-RS (CMR and/or NZP IMR) in conjunction with ZP IMR yields better accuracy (hence increased user throughput). Therefore, some study is required not only to justify the support of this feature, but also to understand where (if) the feature offers some gain over interference measurement using a single resource.  
2. The required specification support is unclear. For example, the current definition of CSI/SSB-SINR in TS38.215 is based on a single measurement resource where signal/channel and interference are separately measured (via some type of averaging before calculating the ratio). Evidently, signal/channel is measured from a single measurement resource and so is interference. Therefore, if this new feature is supported, the manner in which two measurement resources are concurrently/synergistically used for interference measurement needs further study. Furthermore, since detailed formulation for interference measurement is unlikely to happen, some tests in RAN4 are required to ensure that this feature is implemented properly by UEs (otherwise the resulting measurement can be worse than that using a single measurement resource). 
3. It should also be noted that the two interference measurement resources differ by nature. For ZP IMR, the UE simply needs to measure the “signal” within the IMR location to calculate interference statistics. For NZP IMR, however, interference measurement requires cancellation of the channel part which typically imposes some additional latency in calculation. This can be problematic, for instance, if the “companion” NZP CSI-RS used for interference measurement differs in time-domain location (symbols, slots) from ZP IMR. In addition, it is unclear how the “companion” NZP CSI-RS can be used for interference emulation while the ZP IMR is used (at the same time) purely for interference measurement. Here, DL multi-TRP/panel could be a potential use case. However, the specification impact is unclear.    

Observation: Concurrent use of NZP CSI-RS (CMR or NZP IMR) and ZP IMR is plagued with the following issues: 1) unclear benefit and use cases; 2) unclear or potentially demanding specification effort; 3) unclear or potentially demanding UE complexity impact, either for interference measurement or, if applicable, interference emulation.  

Given that there are only three RAN1 meetings left to finalize Rel.16 NR_eMIMO and the lack of details (in terms of specification support – not only in RAN1, but also in RAN4) as well as concrete assessment on the benefit, supporting concurrent use of NZP and ZP CSI-RS for interference measurement in Rel.16 does not seem to be a realistic task.  
 
Proposal: On the concurrent use of NZP CSI-RS and ZP CSI-RS for interference measurement to be used in calculating L1-SINR:
· Revert (do not confirm) the working assumption of concurrent use of ZP IMR and NZP IMR
· Do not support concurrent use of ZP IMR and CMR

DL/UL beam indication with reduced latency and overhead
The following agreement/conclusion was reached in RAN1#97 [1]:

Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

For further discussion
Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2

Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.


Agreement
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.
· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

For further discussion
Study beam indication/activation for a group of CCs


Pertaining to overhead and latency reduction, the following issues will be addressed in this section.

SRS as reference RS for DL beam indication
Rel.15 beam measurement and reporting tend to be (over-)designed to accommodate worst-case scenarios. In terms of UE capability, they were designed to enable UEs without beam correspondence. For FR2 (where DL/UL reciprocity is quite common due to TDD or TDD-like operation), beam correspondence allows not only more flexibility, but also opportunities to reduce latency and overhead. 
For DL TX beam indication, Figure 1 depicts a timing diagram on the so-called “beam switching” which involves a sequence of UE procedures: receiving beam reporting trigger, (after some timing offset) receiving CSI-RS, measuring CSI-RS and calculating beam reporting, reporting beam metric, receiving DL beam indication (DCI reception).   
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[bookmark: _Ref525784097][bookmark: _Ref525784092]Figure 1 DL TX beam switching based on Rel.15 design (CSI-RS based measurement)

If beam correspondence holds, the “beam switching” process can be simplified by utilizing SRS instead of CSI-RS as depicted in Figure 2. Compared to Figure 1, it is apparent that using SRS as the reference for DL beam indication at least avoids the latency caused by the time offset between the UL-related DCI for CSI request and AP-CSI-RS transmission. This can be done by simply introducing SRS resource ID (in addition to CSI-RS and SSB IDs) in the TCI state definition for DL beam indication.  
Proposal: Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition 

[image: ]
[bookmark: _Ref525784442]Figure 2 DL TX beam switching with SRS-based measurement

Extended use of DCI format 0_0
In Rel.15, DCI format 0_0 cannot be used with an FR2 SCell if there is no PUCCH resource configured for that SCell. This limitation should be removed at least for the following reasons:
· The payload of DCI format 0_0 is almost half that of DCI format 0_1 (32 vs. 57 information bits) and thus permits better coverage. 
· Coverage limitation from not being able to use DCI format 0_0 is especially relevant for CA scenarios. For instance, consider one carrier in FR1 as the primary cell and a few SCells in FR2. In this case, even if PUCCH resource is configured for the PCell, DCI format 0_0 cannot be used even for cross carrier scheduling of any of the SCells. 
 
Observation: In Rel.15, not allowing DCI format 0_0 in SCell with no PUCCH resource configuration penalizes CA deployment, especially in terms of DL control coverage.
Proposal: Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent. 

MPE loss mitigation 
During the offline/online discussion in RAN1#97 and RAN#83, it is apparent that there is some confusion on the MPE issue that Alt1, 2, 3, and 4 are intended to address. It is often said or perceived that any of these alternatives is intended to make sure that the UE meets the MPE regulation, i.e. to avoid over-exposure of mm waves on soft/brain tissues. This, however, is inaccurate. MPE regulation is met via some UE (proprietary) implementation for detecting the presence/location of soft tissue (such as heat profile mapping) and applying the appropriate UL transmission duty cycle and power back-off. Regardless of the selected alternatives (Alt1, 2, 3, and/or 4), UL transmission duty cycle and/or power back-off still need to be utilized to meet the MPE regulation. Some tests will be performed to determine if a UE is compliant. The issue addressed in the down-selection of the four identified alternatives is the mitigation of UL coverage loss caused by the MPE regulation. When UL transmission duty cycle is lowered or the UL TX power is reduced, UL coverage loss is incurred. Here, RAN1 main task (per the agreement in RAN1#97) is to assess whether such UL coverage loss can be effectively reduced by Alt1, 2, or 3. This does not discount any additional spec transparent solution for mitigating such UL coverage loss (Alt4).   
To assess whether Alt1/2/3 can be effective in reducing the UL coverage loss, SLS study is conducted. For performance evaluation, the non-full-buffer system-level evaluation setup is used with UMi (ISD 200m) scenario assuming low (20% target RU) traffic for SU-MIMO transmission. The relevant simulation assumptions and parameters are listed in Table 1 in the Appendix. The cell-edge user perceived throughput (UPT) comparison (which represents UL coverage) is shown in Figure 3 for the following setup/schemes.
· Baseline scheme: no MPE (hence, no power back-off)
· Scheme 1: MPE issue (hence, power back-off) is modelled, but NW is unaware
· Panel selection is the same as the baseline scheme 
· UL Tx power for the selected panel is backed off by x=7 dB
· Scheme 2: MPE issue (hence, power back-off by 7dB) is modelled; NW is fully aware and UE panel switching/selection is performed when MPE issue is detected
· The assumption that NW is fully aware of the MPE, the associated UE power back-off, and the UE panel selection emulates the ideal case. Any scheme involving UE reporting will approximate this ideal case and is expected to perform worse. 
· MPE event modelling: random
As evident from the results, the 25-30% loss of UL coverage (due to the UE attempting to meet the MPE limit using 7dB power back-off) is substantial. However, even with the idealistic assumption (of full knowledge at the NW side), UE panel switching can only recover a small fraction of this UL coverage loss. This suggests that neither Alt1, 2, nor 3 is expected to be effective in mitigating the UL coverage loss. Therefore, the additional spec support incurred by Alt1/2/3 does not seem justified. It is more technically sound to defer this study to Rel.17 where enhanced spec support for, e.g. simultaneous transmission across multiple panels (STxMP) and/or more latency/overhead-efficient multi-beam operation, may be available.   

Observation: On the MPE mitigation issue:
· The main issue (Alt1, 2, 3, or 4) is NOT whether MPE regulation can be met, but rather whether the UL coverage loss due to meeting the MPE regulation can be mitigated/reduced effectively by Alt1/2/3 without discounting the possibility of spec transparent solution (Alt4).
· Even with the idealistic assumption (of full knowledge at the NW side), only a small fraction of UL coverage loss can be recovered.   


[bookmark: _Ref16651617]Figure 3: Cell-edge UPT (representing coverage) 

Proposal: On the MPE mitigation issue, agree on Alt4 (no enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support) for Rel.16 
· Note: This issue can be revisited in Rel.17 where enhanced spec support on multi-panel and more latency/overhead-efficient multi-beam operation are available 

UL beam indication for multi-panel UE
The following agreement/conclusion was reached in RAN1#97 [1]:
Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]




First, it should be kept in mind that only three RAN1 meetings are left to complete the WI. Therefore, it is fitting to estimate the amount of specification works for each of the alternatives:
· Alt3 (new panel ID, SRI based): Although the proponents advertise this as a Rel.15-based solution (since it is SRI-based), Alt3 is a merger of multiple (at least three, potentially contradicting) schemes. One of the major open issues is whether the so-called “new panel ID” is implicitly or explicitly signaled. Not only is this ambiguous, but implicit panel ID can be construed as the absence of an explicit panel ID which seems contradictory. Therefore, it seems that the pending issues lie in the so-called “new panel ID” whose meaning seems divergent among the proponents of Alt3. This is expected since, as said, Alt3 is a merger of several competing/contradicting proposals with only one commonality: SRI-based UL beam indication. 
· Alt2 (UL TCI): While this solution departs from the SRI-based framework, it has been demonstrated in the description and example that UL-TCI-based UL beam indication is analogous to the TCI-based DL beam indication in Rel.15. Here the open issue is to decide which configurations are supported (e.g. whether DL RS can be used in conjunction with SRS as the reference/source RS for PUSCH). Another potential issue to be decided is whether both UL-TCI and SRI are needed in the same DCI format (0_1). 
Second, pertinent to both alternatives is the need for the new “panel ID”. While the support for a new panel ID can be further discussed for Alt2, it is clear that a new panel ID is not needed. Since a “panel” is not a specification entity but rather a collection of antenna elements that can logically function as one SRS resource (more pertinent for UL codebook-based transmission where one resource can comprise multiple ports) or SRS resource set (more pertinent for UL non-codebook-based transmission where one SRS resource comprises only one port), it suffices to associate a UE panel with an SRS resource or SRS resource set. In this case, the SRI (or SRSI: SRS resource set indicator) corresponding to the target RS can be used to represent a panel. Observe that this assessment is also valid for Alt3. Therefore, while adding a new “panel ID” does not seem harmful to system performance, it is redundant and unnecessary.
Third, compared to the SRI-based UL beam indication, the UL-TCI-based framework offers the following benefits:
· Since it shares the same framework as DL beam indication, it offers greater flexibility and modularity for future extensions when UL RS is used for DL beam measurement and, conversely, DL RS for UL beam measurement. As DL-UL reciprocity or beam correspondence becomes more relevant for FR1/2 and potentially FR4, clear demarcation between DL and UL QCL is expected to lessen. In this case, having two different frameworks for DL and UL beam indications should be viewed as obsolete. 
· Note: For the sake of enforcing a vague notion of “single technical framework” for UL transmission and UL beam management, Rel.15 adopted SRI-based UL beam indication. This is rather short sighted considering that it is more natural to enforce this vague notion for UL and DL beam indication schemes.
· Pertinent for UL multi-panel, UL-TCI framework is technically superior for the following reason:   
· At least for UL codebook-based transmission, the use of target SRS (linked to a reference RS) for UL beam indication is unnecessary. While target SRS can correspond to the (SRS) antenna ports associated with PDSCH transmission, the necessity of multiple target SRS resources (hence the linkage between multiple target SRS resources and reference RS resources in SpatialRelationInfo) is unclear. Even if a UE can be configured with up to 2 SRS resources (for the purpose of UL CSI acquisition at the gNB), only one SRS resource is needed for UL data transmission. 
· Therefore, for beam training and indication purposes, it suffices for the UE to be configured with multiple reference RS resources. Therefore, for UL beam indication, the TCI-based approach can be used where the linkage between target SRS resources and reference RS resources is unnecessary. Instead, the UL TCI state definition includes a list of reference RS resources (SRS, CSI-RS, and/or SSB). The current SRI field can be reused to select an UL TCI state from the configured set, or a new DCI field (for illustrative purposes, termed the UL-TCI field) in DCI 0_1 can be defined.  
· This becomes even more relevant when/if simultaneous transmission across multiple panels (STxMP) is supported in future releases.

Observation: Comparing Alt2 (TCI-based) to Alt3 (“new” explicit/implicit panel ID + SRI-based):
· Both Alt2 and Alt3 require significant specification work. Alt2 requires decision on the supported QCL types and details on DCI signaling (involving SRI and/or UL-TCI field). Alt3 requires clarity on how panel ID is defined, how implicit panel ID fits in the category, and details on DCI signaling (involving extension on SRI).
· For both Alt2 and Alt3, the new panel ID does not seem needed since the function can be achieved with SRI or SRSI (SRS resource set indicator)
· Alt2 offers greater flexibility and modularity for future extensions (new QCL types and mixed DL/UL RS usage) and better facilitates simultaneous transmission across multiple panels (simpler configuration and signaling as well as economy of resource especially for beam training). 

Based on the above observation, it is our view that the UL-TCI framework (Alt2) is vastly superior to the so-called Alt3 and should therefore be supported in Rel.16. 

Proposal: For Rel.16 UL beam indication, support Alt2 (UL TCI-based framework)
· No new panel ID needs to be defined
· Depending on the UL transmission scheme, a panel can be associated with one SRS resource or one SRS resource set

Conclusions
In this contribution, Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented. The following observations and proposals are made:
Observation:
· L1-SINR:
1. Concurrent use of NZP CSI-RS (CMR or NZP IMR) and ZP IMR is plagued with the following issues: 1) unclear benefit and use cases; 2) unclear or potentially demanding specification effort; 3) unclear or potentially demanding UE complexity impact, either for interference measurement or, if applicable, emulation
· DL/UL beam indication with reduced latency/overhead:
1. In Rel.15, not allowing DCI format 0_0 in SCell with no PUCCH resource configuration penalizes CA deployment, especially in terms of DL control coverage.
2. On the MPE mitigation issue:
· The main issue (Alt1, 2, 3, or 4) is NOT whether MPE regulation can be met, but rather whether the UL coverage loss due to meeting the MPE regulation can be mitigated/reduced effectively by Alt1/2/3 without discounting the possibility of spec transparent solution (Alt4).
· Even with the idealistic assumption (of full knowledge at the NW side), only a small fraction of UL coverage loss can be recovered.   
· UL beam indication for multi-panel UE: Comparing Alt2 (TCI-based) to Alt3 (“new” explicit/implicit panel ID + SRI-based):
1. Both Alt2 and Alt3 require significant specification work. Alt2 requires decision on the supported QCL types and details on DCI signaling (involving SRI and/or UL-TCI field). Alt3 requires clarity on how panel ID is defined, how implicit panel ID fits in the category, and details on DCI signaling (involving extension on SRI).
2. For both Alt2 and Alt3, the new panel ID does not seem needed since the function can be achieved with SRI or SRSI (SRS resource set indicator)
3. Alt2 offers greater flexibility and modularity for future extensions (new QCL types and mixed DL/UL RS usage) and better facilitates simultaneous transmission across multiple panels (simpler configuration and signaling as well as economy of resource especially for beam training). 
Proposal:
· SCell BFR: On the SCell BFRQ procedure:
1. Confirm the working assumption on Step 2 as agreement
2. Extend the procedure to all scenarios including SCell with DL+UL
· L1-SINR: On the concurrent use of NZP CSI-RS and ZP CSI-RS for interference measurement to be used in calculating L1-SINR:
1. Revert (do not confirm) the working assumption of concurrent use of ZP IMR and NZP IMR
2. Do not support concurrent use of ZP IMR and CMR
· DL/UL beam indication with reduced latency/overhead:
1. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
2. Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent 
3. On the MPE mitigation issue, agree on Alt4 (no enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support) for Rel.16 
· Note: This issue can be revisited in Rel.17 where enhanced spec support on multi-panel and more latency/overhead-efficient multi-beam operation are available 
· UL beam indication for multi-panel UE: For Rel.16 UL beam indication, 
1. Support Alt2 (UL TCI-based framework)
· No new panel ID needs to be defined
· Depending on the UL transmission scheme, a panel can be associated with one SRS resource or one SRS resource set
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Appendix
[bookmark: _Ref525812457]Table 1: Simulation assumptions
	Parameters
	Values

	Scenarios 
	UMi, ISD 200m
Option 1: 2 tier (7 sites with 21 cells) 

	Mode
	UL SU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	TXRU mapping weights
	gNB: 16 2D DFT beams (4 in azimuth and 4 in zenith)
UE: 8 DFT DFT beams (4 in azimuth and 2 in zenith)

	Criteria for selection for serving TRP
	(Similar to sub-6GHz), based on 1 TXRU at gNB sweeping 16 beams and all TXRUs at UE sweeping 8 beams; metric = max sum received power

	Criteria for beam selection for serving TRP
	Based on RSRP or 38.215 CSI-SINR metrics

	Constraints for the range of selective beams per TRP sector
	Uniform in azimuth and zenith: azimuth within 65 degree, and zenith within [0,180]

	Scheduling algorithm
	PF based

	Link adaptation
	Based on CSI-RS

	Traffic Model
	FTP model 1 with packet size 0.1Mbytes

	BS antenna configurations
	(M, N, P, Mg, Ng) = (16, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	 (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. 
2 panels: orientation 0 and 180
4 panels: orientation 0, 90, 180, and 270

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

	UE Tx power (EIRP)
	26 dBm

	Receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	CB based, rank 1 only

	UE mobility feature
	Not modelled
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