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1. Introduction
Network coordination and beam management in new radio (NR) are being discussed in 3GPP and the followings are agreed for network coordination and beam reporting, respectively, in [1] and [2]
· NR supports both semi-static and dynamic network coordination schemes
· Study interference measurement details
· Including aspects related to measurement sets 
· The network coordination schemes should consider at least the following schemes:
· DPS/DPB
· CS/CB 
· Non-coherent JT
· Coherent JT
· eICIC
· Whether each scheme requires specification support or not is FFS
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.
In this contribution, we discuss the detailed beam coordination procedures for intra-gNB and inter-gNB, the beam measurement RS to acquire CSI information and beam reporting to support such procedures. 
2. Beam collision and coordination
It has been shown in [3] that the use of beamforming opens a new dimension for network coordination to effectively avoid the mutual interference from non-co-located TRPs due to possible beam collisions as shown in Fig. 1, where the same time/frequency resources are used by the beams of two non-co-located TRPs. The beam collision can be symmetric as shown in Fig. 1(a), where the DL transmission from TRP 1 to UE U1 will generate interference to UE U2 which is associated with TRP 2, and vice versa, i.e., each TRP is a victim as well as an aggressor at the same time. The beam collision can also be asymmetric as shown in Fig. 1(b), where only TRP 2 generates interference to U1 associated with TRP 1 and therefore is an aggressor but TRP 1 will not generate interference to U2.   
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Fig. 1. Diagram of beam collision (a) Symmetric beam collision (b) Asymmetric beam collision.
When beam collision happens, the victim UE might not be able to decode the received signals with current modulation order and coding rate settings because of the increased interference level and either fall into radio link failure (RLF) consequently or request the TRP to use lower order modulation and/or lower coding rate to maintain the connection. In order to avoid such situation, each TRP needs to configure/schedule its beams serving its own associated UEs in a coordinated manner and such coordination should be supported by beam measurement and reporting from the affected UEs. 
3. NR beam coordination mechanism
We assume, for simplicity, that each TRP only transmits to one UE at one time and there exists one to one correspondence between a pair of transmission beam and UE. The proposed mechanism can be easily extended to multiple beams transmitting to multiple UEs simultaneously.
Each TRP schedules DL transmission to its associated UEs in the sense that it generates a scheduling list (this is a UE list as well as a beam list since we assume one to one correspondence between a pair of beam and UE) within on scheduling cycle whose duration can be configured by upper layer. During one scheduling cycle, the TRP will switch its beam based on the scheduling list to serve its associated UEs sequentially and the switching could happen in every TTI, time slot, or even in symbol level depending on the scheduling granularity. We propose two NR beam coordination schemes depending on different UE measurement capability and system settings. In both schemes, we assume that adjacent TRPs are synchronized when conducting beam scheduling, i.e., same scheduling cycle duration and scheduling granularity are adopted.  
Option 1: Passive beam coordination
In this scheme, we assume that there is no signalling exchange between TRPs and beam ID cannot be obtained via the measurement procedure. Beam coordination can be performed the following steps:
1) UE detects the existence of an aggressor once the interference level from the interfering beam exceeds a threshold.
2) UE reports the aggressor beam interference signal strength level and the TRP will trigger the re-schedule based on the reporting.
3) The TRP reschedules the associated UEs by updating the schedule list.
The entire procedure is illustrated in Fig. 2. The schedule list of TRP 1 is [B1, B2, B3], which means TRP 1 transmits in the order to beam 1, 2 and 3. TRP 1 beam 2 will collides with TRP 2 beam 2. After coordination, the schedule list of TRP 1 is updated as [B1, B3, B2], i.e., when TRP 1 transmits to U1,2, TRP 2 transmits to U2,3 at the same time so that beam collision is avoided.
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(a) After beam coordination
Fig. 2. Passive beam coordination.
It should be noted that in the passive scheme, the scheduling list of the aggressor is assumed to be static in the next scheduling cycle so that beam collision can be surely avoided. If the aggressor also changes its owe scheduling list, beam collision avoidance cannot be guaranteed.  
Observation 1: In passive beam coordination scheme, beam ID information is not need in the beam measurement and there is no need for signalling exchange between victim and aggressor TRPs. However, beam collision avoidance cannot be fully guaranteed. 
Option 2: Proactive beam coordination
In this scheme, we assume that there is signalling exchange between TRPs and beam ID can be obtained via the measurement procedure. Beam coordination can be performed the following steps:
1) UE detects the existence of an aggressor as well as the beam ID of the aggressor once the interference level from the interfering beam exceeds a threshold.
2) UE reports the aggressor beam interference signal strength level as well as the aggressor beam ID.
3) The victim TRP shares the aggressor beam ID and its own victim beam ID with the aggressor TRP and then both TRPs reschedule the associated UEs by updating the schedule list taking the victim and aggressor beam ID pair.
Different from the passive scheme, the victim and aggressor beam ID pair is available at both TRPs and therefore both TRPs can re-schedule the beams in the next cycle so that the beam collision avoidance can be guaranteed. The proactive beam coordination is shown in Fig. 3. 
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Fig. 3. Proactive beam coordination.
Basically, the passive scheme needs less signalling and reporting and therefore is less complex. However, as aforementioned, the beam collision avoidance cannot be fully guaranteed. On the contrary, the proactive scheme needs beam ID information and signalling exchange between coordinating TRPs but is more flexible and beam collision can be fully guaranteed. In this regard, the proactive scheme is more applicable in a more dynamic environment with highly densified TRP deployment and higher level of mobility. 
Observation 2: At least for proactive beam coordination, NR should enable Beam ID acquisition in the CSI measurement and signalling exchange including victim and aggressor beam IDs between the victim and aggressor TRPs.
Proposal 1: In beam coordination, RS for measurement should support beam ID acquisition.
4. Preliminary results
Preliminary evaluation results are illustrated in Fig. 4 by assuming 2 TRPs and 10 UEs per TRP. The inter-cell distance is 50 meters for high density deployment and the carrier frequency is 28 GHz. Here we show the 5% spectral efficiency, i.e., the focus is mostly on the UEs affected by interferences due to beam collision. It shows that with beam coordination, the spectral efficiency can be improved by almost 100%.


Fig. 4. Normalized 5% spectral efficiency (bps/Hz)
Observation 3: Beam coordination can effectively avoid beam collision and therefore improve the performance of the UEs affected by strong interferences due to beam collision.
5. Discussions on beam measurement and reporting
As aforementioned, the beam measurement and reporting requirements vary depending on different beam coordination schemes. 
For passive scheme, there is no need to acquire the aggressor beam ID and therefore the victim UE can make use of the general RS, i.e., cell-specific RS to measure the interference level of the aggressor beam. On the contrary, aggressor and victim beam ID pair needs to be shared between aggressor and victim TRPs for proactive scheme and it cannot be acquired by measuring cell-specific RS signal strength. For proactive coordination, measuring UE-specific RS, e.g., CSI-RS can help the victim UE acquire the beam indication information including the aggressor beam ID. 
Furthermore, the scheduling cycle and granularity can be configured by upper layer in a flexible manner, adapting to different level of environment dynamics. The beam measurement and reporting should also be configurable to be applied in different scheduling cycle and granularity settings. For example, if the environment is not very dynamic, e.g., the UE is of low mobility, both the RS configuration and the beam reporting can be semi-static to reduce the signalling overhead and save the energy consumption.
Proposal 2: Cell-Specific RS can be configured for measurement in passive beam coordination.     
6. Conclusions
In this contribution, we have discussed NR beam coordination in details and beam measurement and reporting to support such coordination mechanism. We have the following observations and proposals.
Observation 1: In passive beam coordination scheme, beam ID information is not need in the beam measurement and there is no need for signalling exchange between victim and aggressor TRPs. However, beam collision avoidance cannot be fully guaranteed. 
Observation 2: At least for proactive beam coordination, NR should enable Beam ID acquisition in the CSI measurement and signalling exchange including victim and aggressor beam IDs between the victim and aggressor TRPs.
Observation 3: Beam coordination can effectively avoid beam collision and therefore improve the performance of the UEs affected by strong interferences due to beam collision.
Proposal 1: In beam coordination, RS for measurement should support beam ID acquisition.
Proposal 2: Cell-Specific RS can be configured for measurement in passive beam coordination.              
7. References
[bookmark: _Ref444081453][1] 3GPP RAN1, ‘Draft report of 3GPP TSG RAN WG1 #87’, v.1.0, Reno, USA, Nov. 2016.
[2] RAN1 NR Ad-Hoc, Chairman’s Notes, Spokane, USA, Jan. 2017.
[3] R1-161302, Discussion on NR network coordination and beam management, Samsung.
Without Beam Coordination	1	With Beam Coordination	1.9316666666666666	Normalized Spectral Efficiency
image2.png




image3.png
TRP 1

Schedule list
[B,, B,, B5]

Uis D

TRP 2

Schedule list
[B,, B,, B5]




image4.png
TRP 1

Schedule list
[B,, B3, B,]

Uis D

TRP 2

Schedule list
[B,, B,, B5]




image5.png
’/ u,, Ny [victim beam ID,

; 8 , “<._ agaressor beam ID]
TRP1/ S
N
et oP® Uy
BB B § g%” 21 N

S Ve D \\

\

U u. 3

U /

Us J /

/

TRP 2

N schedulelist
N[y By Bl
\

Uy D





image1.png
L
TRP 1 u,

Uu

U
Y




