

3GPP TSG RAN Meeting 80                            	              RP-180675
La Jolla, CA, U.S.A., June 11st-14th, 2018	

[bookmark: Source]Agenda item:	7
Source: 	Qualcomm Incorporated
Title: 	Discussion of response LS to CEPT
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
At RAN1 #93 and RAN4 #87, LS [1] received from CEPT ECC PT1 was discussed and the Working Groups drafted responses in [5] and [6], respectively. The responses were not sent to CEPT but to RAN for consideration. 
It is expected that RAN would combine the responses and potentially add other information based on Rel-16 SI/WI approvals and other information as deemed necessary. 
In this contribution, we add comments targeting inclusion in the RAN response LS. 
Discussion
In the LS, ECC PT1 asked the following:
“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.”
As it was described in [4], unsynchronized or semi-synchronized NR operation may occur in the context of two scenarios:
· Operators choose to use semi-statically configured DL/UL partitioning but use different DL/UL patterns
· One or more operators choose to use dynamic DL/UL partitioning
The air-interface specifications developed by RAN1 fully support both scenarios. 
We believe that enabling semi-synchronized operation in NR deployments (either in earlier or later deployments) is essential for achieving the full potential of NR TDD, and as such, essential for the successful commercialization of NR.
Semi-synchronized operation
Semi-synchronized operation is of particular interest because of the interference protection it provides. We will focus on this case for further discussion. 
In the semi-synchronized case, the operators can designate a subset of time slots to have synchronized fixed duplex direction, i.e. they are always DL or always UL. For the remainder of the slots, the operators may choose semi-static but different, or time-varying duplex directions. An example for semi-synchronized operation is depicted in Figure 1.
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Figure 1 Semi-synchronous slot allocation

It is expected that in the slots with fixed duplex direction, more sensitive information, such as DL synchronization signals, DL broadcast, UL control signals, UL PRACH resources, etc. would be scheduled. In the remainder slots, all other signals, including unicast data can be scheduled. 
The NR air-interface supports the broadcast of information about such slot designation, wherein time periods are classified as DL, UL, or ‘undefined’. The air-interface mandates that time periods indicated as DL or UL can only be used in the indicated duplex direction.
Operation with Active Antenna Systems (AAS)
In the RAN1 response [5], references have been made to the earlier eIMTA studies [7] and its conclusions. It was noted in the discussions; however; that advanced MIMO (3D-MIMO, EBF, FD-MIMO) systems were not included in those studies, since these systems have not yet existed at that point. 
To capture this, [5] included the following: 
“The study in [1] was completed at RAN#56 (June 2012), and did not include other techniques specified subsequently, e.g., AAS. There has been no further studies on coexistence feasibility of inter-operator macro cell deployments with unsynchronized or semi-synchronized operation on adjacent channels and using the techniques specified since June 2012, e.g., AAS.“
Note that AAS gains are not expected to occur because of beamforming cooperation among adjacent channel operators.  The gain is expected simply because narrower beams are steered toward the target user, which statistically reduces the interference steered toward the victim devices. 
Of course, thorough evaluations have not been conducted to evaluate the effect of AAS, so it cannot be said that it always helps coexistence, even though intuitively, that’s what should be expected. 
In the following, we give some preliminary coexistence evaluation results with AAS. The simulation parameters are summarized in Table 1 below. 

	

	Non-AAS Parameter
	AAS Parameter

	ISD
	750m (non-colocated)

	fc
	3.5 GHz

	BW
	50 MHz

	DL Power
	46dBm + 15dBi = 61dBm EIRP
	43dBm + 8dBi (element) + 10*log10(16*8) = 72dBm EIRP


Table 1 Simulation parameters

The simulations evaluated the gNB-to-gNB interference in an asynchronized deployment. Figure 2 shows the difference in interference power distribution between non-AAS and AAS, while Figure 3 shows the mean UL throughput degradation difference between non-AAS and AAS. 
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Figure 2 Interference power distribution comparison between non-AAS and AAS

[image: ]
Figure 3 Mean UL throughput degradation due to DL interference comparison between non-AAS and AAS

As it can be seen from Figures 2 and 3, AAS provides significant gains in adjacent channel coexistence. Given that the FD-MIMO design has targeted high frequency bands, such as 3.4-3.8 GHz, it seems beneficial to conduct future coexistence evaluations with AAS enabled. In addition, the interference mitigation effects of uncoordinated AAS should be mentioned in the RAN response LS to CEPT. 
Proposed principles for technical conditions
As it was noted in [5], cross-link interference (CLI) can be mitigated by various means, including sufficient guardbands, sufficient geographical separation, sufficient physical isolation (such as outdoor to indoor propagation isolation), or applicable transmission power restriction. 
Furthermore, in the future, additional CLI mitigation techniques may be introduced. We suggest that if RAN #80 approves any SI/WI that includes CLI management as an objective, then RAN should inform CEPT about it in the response LS. 
In general, it is not expected that all operators can be required to employ any individual interference mitigation technique or a combination of interference mitigation techniques. In LTE networks, some of the mitigation techniques may not even be available. Therefore, we suggest that RAN proposes the following to CEPT. 
[bookmark: _GoBack]If a reference TDD DL/UL configuration is agreed among operators, it should be a baseline configuration, rather than a mandated configuration. For example, the following technical conditions could be described related to a baseline DL/UL configuration: 
If an operator chooses to follow the baseline TDD DL/UL configuration, that operator is not required to employ AAS or any interference mitigation technique. 
If an operator chooses not to follow the baseline TDD DL/UL configuration but limits operation so that DL slots of the baseline configuration are used for UL but not vice versa, that operator is not required to employ AAS or other interference mitigation techniques. 
If an operator chooses not to follow the baseline TDD DL/UL configuration and uses slots that are UL in the baseline configuration for DL, that operator is required to employ AAS or other interference mitigation technique to ensure that an adjacent operator following the baseline TDD configuration will not be subject to excessive interference. 
Note that the last proposal is made based on the observation that among the CLI scenarios for macro-macro coexistence (Scenario 7) in [7], only the UL exhibited degradation. This can be seen in the example in Figure 4 below, which was copied from [7]. There are other examples in [7] showing similar results.   
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Figure 4 Comparison of DLUL interference (left) and UL DL interference (right) in a macro-macro adjacent channel scenario (Figure 5.8.2-1 in [7], “Simulation results from Source 1”) 

Given that only the DL to UL interference was seen limiting, it is reasonable to assume that if an operator chooses to convert a slot that is DL in the baseline configuration to UL, it will not create significant interference.  
It should be made possible that the baseline TDD DL/UL configuration is reviewed and updated on a periodic basis.
Finally, we recommend that if future CLI interference mitigation studies are conducted, it should not be an objective to develop new RF requirements, such as new ACS/ACLR/emission limits for the UE. All coexistence studies should be aimed at evaluations using the existing 3GPP RF requirements. 

Conclusion
We have made the following proposals for consideration for the RAN response LS to CEPT:

Proposal 1: 
Given that the FD-MIMO design has targeted high frequency bands, such as 3.4-3.8 GHz, it seems beneficial to conduct future coexistence evaluations with AAS enabled. In addition, the interference mitigation effects of uncoordinated AAS should be mentioned in the RAN response LS to CEPT.

Proposal 2: 
In general, it is not expected that all operators can be required to employ any individual interference mitigation technique or a combination of interference mitigation techniques. In LTE networks, some of the mitigation techniques may not even be available. Therefore, we suggest that RAN proposes the following to CEPT. 
If a reference TDD DL/UL configuration is agreed among operators, it should be a baseline configuration, rather than a mandated configuration. For example, the following technical conditions could be described related to a baseline DL/UL configuration: 
If an operator chooses to follow the baseline TDD DL/UL configuration, that operator is not required to employ AAS or any interference mitigation technique. 
If an operator chooses not to follow the baseline TDD DL/UL configuration but limits operation so that DL slots of the baseline configuration are used for UL but not vice versa, that operator is not required to employ AAS or other interference mitigation techniques. 
If an operator chooses not to follow the baseline TDD DL/UL configuration and uses slots that are UL in the baseline configuration for DL, that operator is expected to employ AAS or other interference mitigation technique to ensure that an adjacent operator following the baseline TDD configuration will not be subject to excessive interference. 
[bookmark: _Hlk516066577]It should be made possible that the baseline TDD DL/UL configuration is reviewed and updated on a periodic basis. 

Proposal 3; 
If future CLI interference mitigation studies are conducted, it should not be an objective to develop new RF requirements, such as new ACS/ACLR/emission limits for UEs. All coexistence studies should be aimed at evaluations using the existing 3GPP RF requirements. 
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