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Introduction
In RAN1#86, the following agreements were made:
Agreements:
· For coordinated transmission schemes for NR, both the case of co-located TRPs and the case of non-co-located TRPs are considered
· FFS the assumptions about latency/bandwidth 
· FFS detailed schemes
· Note: the classification of co-located vs. non-co-located may not capture all aspects, e.g., synchronization among TRPs, etc.

Agreements:
· For coordinated transmission schemes for NR:
· Support different types of coordinated transmission schemes for NR
· Strive for commonality in supporting the different types of coordinated transmission schemes for NR
· Study the need of network assistance and coordination for different types of interference suppression (e.g. inter user, inter-TRP interference) and cancellation based on advanced receivers
· Consider information related to interfering signals for interference suppression and cancelation at UE side
· As a baseline, consider NAICs receiver structures in LTE

Agreements:
· For NR network coordination schemes, following three deployment scenarios are encouraged to be evaluated in phase 1
· Indoor hotspot, dense urban, urban macro
· Use the simulation assumptions in TR 38.802 as baseline
· Adopt at least the FeCoMP (TR 36.741) methodology in terms of coordination
· E.g. Coordination cluster size, backhaul latencies, traffic loads, etc.
· The parameterization from the agreements on email discussion for NR MIMO calibration [86-20] could be considered


In this contribution, we discuss two different aspects of the coordinated transmissions, that, depending on the scenario, can be used either to ensure coverage and robustness or capacity improvement. 
[bookmark: _Ref178064866]Discussion
Coverage and robustness
Communications using higher frequencies in NR will suffer from higher chances of fast link quality dropping. 
First, the path loss of the propagation channel becomes stronger and the losses due to penetration, blocking or edging effects are sensibly increased compared to sub-6GHz transmissions. 
[bookmark: _Toc466015925]The use of high frequency transmissions with mobility increases the risk of fast changing channel conditions.
Second, massive MIMO techniques and beamforming tends to focus the coverage to a limited region in space. In particular, in the case of higher frequencies, where the number of expected antennas will grow to compensate for the path loss. The mobility of a user may dramatically change the channel quality, either by changing the spatial environment or due to the sudden presence of interference (flashlight effect).
[bookmark: _Toc465863436][bookmark: _Toc465863566][bookmark: _Toc465932048][bookmark: _Toc465933561][bookmark: _Toc466033859][bookmark: _Toc466035049][bookmark: _Toc466015926]Massive MIMO beamforming focuses the signal into limited space and can create flashlight effects.
To ensure the coverage and robustness of the transmissions in the above condition, multiple TRP (especially non-collocated TRPs) coordination can provide diversity in the macro level. Using coordinated transmissions for macro-diversity relies on robust transmission schemes or on schemes similar to dynamic antenna selections. The ITU IMT-2020 coverage requirements are to enable 100Mbit/s even for urban and sub-urban areas, and speed up to 500km/h.
Based on the previous observations, we propose the following points to be studied:

[bookmark: _Toc465688368][bookmark: _Toc465763784][bookmark: _Toc465863443][bookmark: _Toc465863573][bookmark: _Toc465932055][bookmark: _Toc465933568][bookmark: _Toc466033866][bookmark: _Toc466035056][bookmark: _Toc466015932]Multiple TRP transmissions should be considered to increase robustness and coverage, at least in the case of high frequency and/or mobility.
[bookmark: _Toc465863445][bookmark: _Toc465863575][bookmark: _Toc465932057][bookmark: _Toc465933570][bookmark: _Toc466033868][bookmark: _Toc466035058][bookmark: _Toc466015933]Coordinated transmissions using robust schemes such as open loop schemes or diversity increasing schemes shall be studied at least in the context of high frequency and/or mobility.
[bookmark: _Toc465863446][bookmark: _Toc465863576][bookmark: _Toc465932058][bookmark: _Toc465933571][bookmark: _Toc466033869][bookmark: _Toc466035059][bookmark: _Toc466015934]Network or user triggered fast link switch across TRP should be possible to cope with sudden link change.

Capacity in dense scenarios
In scenarios with strong capacity requirements, such as the ITU Indoor-Hotspot-eMBB test environment [1], a very high density of TRP is expected and coordination is necessary to avoid interference saturation. Target values for the Area traffic capacity is [10 Mbit/s/m2]. 
Scenarios like indoor hotspot or with good external isolation (e.g. stadium) are particularly prone to inter-TRP coordinated transmissions. The geometry distribution is high and so most of UE deployed can have a strong link with many TRPs. Thus, without coordination, adding TRP only increases the potential interference and can even become counter-productive. Such results have been seen in LTE CoMP and will need to be studied in the context of NR.

[bookmark: _Toc466015927]Dense network deployments such as indoor hotspots suffer from high level of interference and need coordination to actively avoid interference avoidance and may benefit from coherent combining schemes.
Coordinated schemes usually require good knowledge of the users’ CSI and interference. The exact nature and accuracy needed of this information varies depending on the coordinated scheme and transmissions used. For instance, joint scheduling only needs coarse interference power level while joint transmission minimizing the generated interference (ZF, MMSE…) require accurate knowledge of the interference link. Coordinated transmission using co-phased schemes also require very high accuracy on the CSI on the link from a user to multiple TRPs.

[bookmark: _Toc466015928]The requirements on the interference measurements varies depending on the coordination scheme used and the way to obtain this information will vary accordingly. 
[bookmark: _Toc466015929]The required accuracy for CSI acquisition in coordinated transmission schemes using co-phased transmissions is high and the quantity of information increases with the number of antennas used in NR.
The acquisition of CSI knowledge and/or interference knowledge becomes challenging in a very dense scenario. Despite the consideration of practical or idealistic assumptions for inter-TRP communications, a large number of interference to identify is hard to be reported and the information shared.

[bookmark: _Toc466015930]Reciprocity can be used to measure links both from a given TRP’s user and neighbouring TRP’s users.
[bookmark: _Toc465688369][bookmark: _Toc465763786]Reciprocity measurements can be used for coordinated transmissions. TRPs should be able to measure SRS from neighbouring cells, for signal and/or interference purposes. The reciprocity concept is subject to inter-antenna calibration requirements and need to be taken into account in studies.
[bookmark: _Toc466015931]Calibration across TRPs may be required to perform joint transmissions schemes based on reciprocity.
The following studies are therefore proposed:
[bookmark: _Toc465863447][bookmark: _Toc465863577][bookmark: _Toc465932059][bookmark: _Toc465933572][bookmark: _Toc466033870][bookmark: _Toc466035060][bookmark: _Toc465863448][bookmark: _Toc465863578][bookmark: _Toc465932060][bookmark: _Toc465933573][bookmark: _Toc466033871][bookmark: _Toc466035061][bookmark: _Toc466015935]The type and accuracy of interference knowledge needed should be studied in the context of coordinated transmissions.
[bookmark: _Toc465863449][bookmark: _Toc465863579][bookmark: _Toc465932061][bookmark: _Toc465933574][bookmark: _Toc466033872][bookmark: _Toc466035062][bookmark: _Toc466015936]Reciprocity-based coordinated transmissions should be studied, whether a single or multiple TRP are sensing SRS can be transparent to the UE or not.
[bookmark: _Toc465863450][bookmark: _Toc465863580][bookmark: _Toc465932062][bookmark: _Toc465933575][bookmark: _Toc466033873][bookmark: _Toc466035063][bookmark: _Toc466015937]The performance of coordinated transmissions schemes shall be evaluated considering whether SRS are beamformed or not.
[bookmark: _Toc465863451][bookmark: _Toc465863581][bookmark: _Toc465932063][bookmark: _Toc465933576][bookmark: _Toc466033874][bookmark: _Toc466035064][bookmark: _Toc466015938]Calibration requirements across TRPs should be considered for studies.
Conclusions
In this contribution, we made the following observations:
Observation 1	The use of high frequency transmissions with mobility increases the risk of fast changing channel conditions.
Observation 2	Massive MIMO beamforming focuses the signal into limited space and can create flashlight effects.
Observation 3	Dense network deployments such as indoor hotspots suffer from high level of interference and need coordination to actively avoid interference avoidance and may benefit from coherent combining schemes.
Observation 4	The requirements on the interference measurements varies depending on the coordination scheme used and the way to obtain this information will vary accordingly.
Observation 5	The required accuracy for CSI acquisition in coordinated transmission schemes using co-phased transmissions is high and the quantity of information increases with the number of antennas used in NR.
Observation 6	Reciprocity can be used to measure links both from a given TRP’s user and neighbouring TRP’s users.
Observation 7	Calibration across TRPs may be required to perform joint transmissions schemes based on reciprocity.

Based on the discussion in this contribution we propose the following:
Proposal 1	Multiple TRP transmissions should be considered to increase robustness and coverage, at least in the case of high frequency and/or mobility.
Proposal 2	Coordinated transmissions using robust schemes such as open loop schemes or diversity increasing schemes shall be studied at least in the context of high frequency and/or mobility.
Proposal 3	Network or user triggered fast link switch across TRP should be possible to cope with sudden link change.
Proposal 4	The type and accuracy of interference knowledge needed should be studied in the context of coordinated transmissions.
Proposal 5	Reciprocity-based coordinated transmissions should be studied, whether a single or multiple TRP are sensing SRS can be transparent to the UE or not.
Proposal 6	The performance of coordinated transmissions schemes shall be evaluated considering whether SRS are beamformed or not.
Proposal 7	Calibration requirements across TRPs should be considered for studies.
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