3GPP TSG RAN WG1 Meeting #93	R1-1805870
Busan, South Korea, May 21 – May 25, 2018

Agenda Item:	5
Source:	Huawei, HiSilicon
Title:	Discussion on Coexistence of NR-NR and NR-LTE networks with synchronized, unsynchronized and semi-synchronized operation
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK37]RAN1 received a LS from ECC PT1 on the coexistence of NR-NR and NR-LTE networks with synchronised, unsynchronised and semi-synchronised operation in 3400-3800 MHz [1]:
[bookmark: OLE_LINK2]CEPT ECC PT1 is developing a set of guidelines for inter-operator coexistence in 3400-3800 MHz in synchronised, unsynchronised and semi-synchronised mode to help address relevant issues and set up the most appropriate synchronization regulatory framework.
ECC PT1 would like to ask 3GPP WG RAN1 and WG RAN4 to provide their latest update on inter-operator synchronisation-related work such as status, plans, technical feasibility, deployment scenarios and performance impact particularly focusing on NR-NR semi-synchronised operation.
ECC PT1 would appreciate feedback from 3GPP RAN1 and RAN4 May 2018 meeting to allow for timely progress of the work in ECC PT1.
[bookmark: OLE_LINK38]Definitions of synchronised, unsynchronised and semi-synchronised operation are found in the Draft ECC Report 281:
Synchronised operation: 
The synchronised operation in the context of this Report means operation of TDD in several different networks, where no simultaneous UL and DL transmissions occur, i.e. at any given moment in time either all networks transmit in DL or all networks transmit in UL. This requires the alignment of all DL and UL transmissions for all TDD networks involved as well as synchronising the beginning of the frame across all networks.
Unsynchronised operation: 
The unsynchronised operation in the context of this Report means operation of TDD in several different networks, where at any given moment in time at least one network transmits in DL while at least one network transmits in UL. This might happen if the TDD networks either do not align all DL and UL transmissions or do not synchronise at the beginning of the frame.
Semi-synchronised operation:
The semi-synchronised operation corresponds to the case where part of the frame is consistent with synchronised operation as described above, while the remaining portion of the frame is consistent with unsynchronised operation as described above. This requires the adoption of a frame structure for all TDD networks involved, including slots where the UL/DL direction is not specified, as well as synchronising the beginning of the frame across all networks.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK3]This contribution provides an analysis to assess the amount of support for the semi-synchronized and unsynchronized operation in Rel-15 NR specifications. A response to ECC PT1 from RAN1 is proposed in [2].

[bookmark: _Ref129681832][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Analysis of NR Rel-15 support of semi-synchronized or unsynchronized operation
In the case of unsynchronized or semi-synchronized operation, there would be periods (e.g. slots or symbols) where transmission directions (DL, UL) are not aligned between two networks operating in adjacent channels. 
In Rel-14 NR SI and Rel-15 NR WI, RAN1 has not studied the performance of semi-synchronized operation and unsynchronized operation of multiple TDD networks on adjacent channels, i.e. inter-operator coexistence. Thus, RAN1 has not specified for NR any mechanism to reduce the interference between TDD networks on adjacent channels for semi-synchronized and unsynchronized operation. It is RAN1 understanding that there is no inter-operator coexistence issue with synchronized operation of multiple TDD networks on adjacent channels.
RAN4 is defining TDD requirements in Rel-15 assuming that adjacent NR TDD channels are synchronized. There are no performance requirements and performance tests defined by RAN4 in Rel-15 for the unsynchronized or semi-synchronized operation of two NR TDD networks in different frequencies (including adjacent channels).
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]It is under discussion whether work on inter-operator coexistence for NR TDD networks on adjacent channels shall be carried out in Rel-16, as part of Rel-16 WI/SI approval process. The first batch of Rel-16 WI/SIs is expected to be approved in RAN#80, June 2018.

Past 3GPP studies on scenarios similar to semi-synchronized or unsynchronized operation
In the past, 3GPP has studied inter-operator coexistence for LTE TDD on adjacent channels, e.g. TR36.828 [1] and TR36.828 [2]. Those references also provide valuable descriptions of the deployment scenarios that were studied and the performance evaluations conducted in 3GPP.
In TR36.828, the following scenarios were evaluated with two LTE TDD networks on adjacent channels, for studying the benefits of dynamic TDD.
· Scenario 2 in section 5 of TR36.828: This scenario assumes multiple Femto cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration. 
· Scenario 4 in section 5 of TR36.828: This scenario assumes multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration. 
· Scenario 7 in section 5 of TR36.828: This scenario assumes multiple Macro cells deployed on the same carrier frequency for one operator and multiple Macro cells deployed on an adjacent carrier frequency for another operator, where all victim Macro cells deployed on the same carrier have the same UL-DL configuration and all aggressor Macro cells deployed on an adjacent carrier frequency can adjust UL-DL configuration.
Relevant conclusions from TR36.828 on the above scenarios are as follows:
· Significant coexistence challenges have been observed to apply different TDD UL-DL configurations in different cells for scenarios 1 – 8 in section 5 without any interference mitigation mechanisms. It is feasible to apply different TDD UL-DL configurations in different cells for scenarios 1 – 4 in section 5, only provided sufficient interference mitigation mechanisms are adopted. No interference mitigation schemes have been agreed for scenarios 1 – 4 in section 5, and no conclusion on coexistence feasibility with interference mitigation mechanisms has been made for scenarios 5 – 8 in section 5.
· Based on the above conclusions, it is recommended to specify the necessary mechanism(s) to support TDD UL-DL reconfiguration based on traffic adaptation. Further study is needed to decide on the supported adaptation time scale and assess the impact on legacy UEs with TDD UL-DL reconfiguration based on traffic adaptation. It is also recommended to further study and specify interference mitigation schemes.
It is noted scenarios 2 and 4 in section 5 of TR36.828 assumes the two networks on adjacent channels belong to the same operator, which may improve the effective of interference mitigation mechanisms. 
The study was completed in RAN#56, June 2012. The study in TR36.828 led to a 3GPP WI on dynamic TDD for LTE, which is primary for dynamic TDD operation of a single operator’s network.

In TR36.825, the following scenarios are selected to evaluate coexistence on intra-band adjacent LTE TDD operations using different TDD UL/DL configurations, for the studying whether additional UL/DL configurations, i.e. 10:0:0 and 9:1:0 (DL:Sp:UL), shall be supported or not.
i.	Scenario 1: 
1.	Operator_A: small cell (outdoor pico)
a.	Carrier frequency: 2.7GHz
b.	Channel bandwidth: 10MHz
c.	Duplex mode: New TDD UL/DL configuration (10:0:0)
2.	Operator_B: Macro cell
a.	Carrier frequency: 2.7GHz
b.	Channel bandwidth: 10MHz
c.	Duplex mode: TDD UL/DL configuration 2 with special configuration 4
ii.	Scenario 2: 
1.	Operator_A: Macro cell
a.	Carrier frequency: 2.7GHz
b.	Channel bandwidth: 10MHz
c.	Duplex mode: New TDD UL/DL configuration (10:0:0)
2.	Operator_B: Macro cell
a.	Carrier frequency: 2.7GHz
b.	Channel bandwidth: 10MHz
c.	Duplex mode: TDD UL/DL configuration 2 with special configuration 4
The following summary was achieved in TR38.825
“Time synchronization and the same UL/DL configuration usage in both inter- and intra-operator cases is essential for LTE TDD operation in the same band. When all operators in the same region and same band always use the same new TDD UL/DL 10:0:0 configuration then interoperator time synchronization may not be required which needs co-ordination between operators, e.g. through regulatory bodies.
The study has shown that there are scenarios where the new TDD UL/DL configurations 10:0:0/9:1:0 provide downlink performance gains for the operator using these new configurations. The amount of gain depends on the percentage of UEs in the network supporting DL inter-band CA and on the number of cells.
It is observed there is a coexistence issue in both full-buffer and non-full-buffer cases resulting in performance loss of deploying the new TDD UL/DL configuration 10:0:0/9:1:0 in a channel that is adjacent to another channel that uses different TDD UL/DL configuration. The degradation was larger for the macro-macro than for the macro-pico scenario.
The study has identified some potential concepts for mitigating the above performance degradation. Several different concepts and solutions were discussed and captured, however, the detailed feasibility has not been assessed for any of the solutions. Ensuring mandatory support and testability of necessary interference mitigation solution(s) is a pre-requisite for specifying the new TDD configurations 10:0:0/9:1:0 for LTE TDD.
The study also concluded that from the global eco-system of LTE TDD terminal perspective, 3GPP should ensure that all UEs that support the new TDD configurations (10.0.0 and 9.1.0), if introduced, also support the existing TDD UL/DL configurations. UE support of the new TDD configurations (10.0.0 and 9.1.0), if introduced, will be band agnostic.”
The study was completed in RAN#69, Sep 2015. The study in TR36.825 did not lead to any follow-up WI. Thus 3GPP has not specified any interference mitigation schemes for inter-operator coexistence of LTE TDD networks on adjacent channels.

Conclusion
[bookmark: _GoBack][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution provides background and an analysis to assess the amount of support for the semi-synchronized and unsynchronized operation in Rel-15 NR specifications. A corresponding draft reply LS is provided in [2].
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Introduction
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NR and NR
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LTE networks with 
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-


3800 


MHz


 


[1]


:


 


CEPT ECC PT1 is developing a set of guidelines for inter


-


operator coexistence in 3400


-


3800


 


MHz in 


synchronised, 


unsynchronised and semi


-


synchronised mode to help address relevant issues and set up 


the most appropriate synchronization regulatory framework.


 


ECC PT1 would like to ask 3GPP WG RAN1 and WG RAN4 to provide their latest update on inter


-


operator synchronisat


ion


-


related work such as status, plans, technical feasibility, deployment 


scenarios and performance impact particularly focusing on NR


-


NR semi


-


synchronised operation.


 


ECC PT1 would appreciate feedback from 3GPP RAN1 and RAN4 May 2018 meeting to allow for 


t


imely progress of the work in ECC PT1.


 


Definitions of 


synchronised, unsynchronised and semi


-


synchronised operation


 


are found in the 


Draft ECC 


Report 281


:


 


Synchronised operation: 


 


The synchronised operation in the context of this Report means operation of 


TDD in several different 


networks, where no simultaneous UL and DL transmissions occur, i.e. at any given moment in time 


either all networks transmit in DL or all networks transmit in UL. This requires the alignment of all 


DL and UL transmissions for all T


DD networks involved as well as synchronising the beginning of 


the frame across all networks.


 


Unsynchronised operation: 


 


The unsynchronised operation in the context of this Report means operation of TDD in several 


different networks, where at any given mom


ent in time at least one network transmits in DL while at 


least one network transmits in UL. This might happen if the TDD networks either do not align all DL 


and UL transmissions or do not synchronise at the beginning of the frame.


 


Semi


-


synchronised operat


ion:


 


The semi


-


synchronised operation corresponds to the case where part of the frame is consistent with 


synchronised operation as described above, while the remaining portion of the frame is consistent 


with unsynchronised operation as described above. This


 


requires the adoption of a frame structure 


for all TDD networks involved, including slots where the UL/DL direction is not specified, as well as 


synchronising the beginning of the frame across all networks.


 


The semi


-


synchronised operation can be beneficia


l for small


-


cells. The interference mitigation 


techniques necessary for semi


-


synchronisation would be studied at the earliest in 3GPP Release 16. 


It is expected that not all User Equipment will be able to support this type of operation.
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