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1 Introduction
At 3GPP RAN1#86 [1] and RAN1#86bis [2] meeting, some conclusions and agreements of duplexing were reached, including:
RAN1 #86
Agreement:
· The WF in R1-168053 is agreed, with the following updates:

· Channel model: 

· Current entries are used as a starting point

· Can further discussion whether or not to update the channel model

· Traffic model

· Add optional DL/UL ratio of 1:1

· Add one more packet size of 2Mbtyes

· Add “other FTP model is not precluded”

· UE receive noise figure:

· Update according to last meeting’s agreements on the noise figures (i.e., 10dB vs. 13dB)

· Layout

· Add: FFS other cluster dropping models for dense Urban

Agreements:
· Slide 2 in R1-168372 is agreed with the following update:

    The following assumption is used as starting point for flexible duplex evaluation, and further update might be made.

Agreements:
· R1-168373 is agreed with the following update:

    The following assumption is used as starting point for flexible duplex evaluation, and further update might be made.

RAN1 #86bis

Conclusion:

· Continue study considering some or all of the following aspects:

· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL 

Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectrum.
The evaluation assumptions regarding duplex should be further discussed and updated based on new conclusions and agreements from the last meeting. In this contribution, we present some of our views and focus on the dense urban scenario and evaluation assumptions. 

2 Discussion
2.1 Scenarios
At last meeting, the conclusion about the scenarios are “Deployment scenarios/bands, same-/cross-operator considerations”. For further study, this conclusion can include the following details of items.
· Intra-band and co-channel interference

· Same-/cross-operator scenarios

· Dynamic and semi-dynamic fluctuation interference

· Co-existence and/or multiplexing issues between different types of traffic with different numerologies

· Unsynchronized/uncoordinated TDD

· Low power nodes, e.g. small cells

· High power base stations, e.g. macro cells

To better evaluate the above items, some details of the evaluation assumptions need to be updated and clarified. We will only focus on the dense urban scenario and evaluation assumptions.
· Intra-band and co-channel interference

For licensed spectrum, the co-channel interference only appears in the intra-operator scenarios. Meanwhile, the co-channel interference will appear both in intra-operator and inter-operator scenarios for unlicensed carrier and shared spectrum. The co-channel interference is a major problem for using dynamic TDD. 
For intra-band interference, there are two scenarios that need to be considered, including intra-operator and inter-operator. The issues of the intra-band interference of inter-operator scenarios have been deeply discussed in the TDD-SDL topic in Rel-12. However, it is not easy to coordinate between operators and these mechanisms that do not require coordination or only require a little coordination need to be considered. For the intra-operator scenario, the close coordination and rapid information exchange can be assumed. So, more flexible coordination mechanisms can be designed to support the capability of dynamic TDD. 
The evaluation of the co-channel interference can use related evaluation assumptions directly and should have a higher priority. However, for intra-band interference, i.e. adjacent channel leakage interference, ACLR defined by RAN4 has to be considered. For below 6GHz spectrum and bandwidth less than 20MHz, there have been a consensus in LTE on ACLR and we can reuse related conclusions directly. For above 6GHz spectrum and bandwidth larger than 20MHz, the ACLR is still under discussion in RAN4. We can evaluate the co-channel scenario and in-band scenario with below 6GHz spectrum and bandwidth less than 20MHz first and then evaluate the in-band scenario with above 6GHz spectrum and bandwidth larger than 20MHz while we wait for RAN4 to finalize the related ACLR discussion.

Observation 1: For the evaluation of intra-band and co-channel interference, the following two scenarios should have higher priority:
· co-channel interference
· in-band scenario with below 6GHz spectrum and bandwidth less than 20MHz
Proposal 1: ACLR should be considered for the evaluation of the in-band scenario.

Proposal 2: We can evaluate the co-channel scenario and in-band scenario with below 6GHz spectrum and bandwidth less than 20MHz first and then evaluate the in-band scenario with above 6GHz spectrum and bandwidth larger than 20MHz while we wait for RAN4 to finalize the related ACLR discussion.
· Synchronized TDD and unsynchronized TDD

For the intra-operator scenario, we can assume that the network is synchronized and evaluate related solution based this assumption. However, it is difficult to realize the network synchronization for the inter-operator scenario. A more reasonable assumption is that the network is unsynchronized between nodes of different operators. Furthermore, besides evaluating synchronized TDD, we also need to study and evaluate unsynchronized TDD. Firstly, how to model the time difference of unsynchronized TDD should be discussed and concluded when we investigate the issues of dynamic TDD operation in the inter-operator scenario. We think that the following proposal can be considered.
Proposal 3: At least the following alternatives can be considered for evaluation of unsynchronized TDD:
· Alt1: < CP, [FFS value(s)], which may be different for below and above 6GHz spectrum

· Alt2: < slot, [FFS value(s)], which may be different for below and above 6GHz spectrum

· Alt3: randomization without limitation
In general, the dynamic TDD operation is mainly performed in the intra-operator scenario. Taking into account the time limit, we can use the legacy TDD operation (e.g. LTE semi-static TDD) to perform the TDD operation in the inter-operator scenario in the first phase, although this will reduce the spectral efficiency to a certain extent. So, the evaluation of dynamic TDD in the intra-operator scenario should have a higher priority and the evaluation of dynamic TDD in the inter-operator scenario can be done in the second phase.
Observation 2: The evaluation of intra-operator scenario with synchronized network should have a higher priority.
· Backhaul
In the real network, there are three kinds of backhaul, including ideal backhaul, non-ideal backhaul and no backhaul. The limitation of backhaul has to be considered when we design related solutions for dynamic TDD. So the following proposal needs to be considered.
Proposal 4: The following deployment cases of backhaul should be considered when we perform the evaluation of dynamic TDD:
· ideal backhaul
· non-ideal backhaul
· no backhaul
2.2 Update some simulation parameters of deployment scenario of “Dense Urban”
At RAN1#86 meeting, some scenarios and evaluation assumptions were agreed for studying and evaluating of flexible duplex operation, at least considering dense urban, urban macro, and indoor hotspot scenarios. We carefully studied these evaluation assumptions and provide our views on the need to include two more scenarios that are denser scenarios which will face more serious cross-link interference. 
· Layout
At RAN1#86 meeting, the following agreements about the layout of deployment scenario of “dense urban” were agreed:

Two layer:

·  Macro layer: Hex. Grid

·  Micro layer: Random drop (All micro BSs are outdoor)

·  3 micro BSs per macro BS

As we know, option 6 or 9 micro BSs per macro BS was also agreed in RAN1#85 meeting [3]. These two scenarios are denser scenarios which will face more serious cross-link interference. Therefore, we should more carefully evaluate these two denser scenarios. So, these options also need to be included. Furthermore, option 3 and 9 micro BSs per macro BS are two typical scenarios that should have higher priority. 
We propose adding the following parameters to the layout of deployment scenario of “dense urban”:

Two layer:

·  Macro layer: Hex. Grid

·  Micro layer: Random drop (All micro BSs are outdoor)

·  3 micro BSs per macro BS

· 6 micro BSs per macro BS (optional)
· 9 micro BSs per macro BS

· Inter-BS distance 

At RAN1#86 meeting, the following agreements about inter-BS distance of deployment scenario of “dense urban” were agreed:
· Macro-to-macro: 200m

· Macro-to-micro: 105m [TR36.897] 

· Micro-to-micro: 57.9m

For the micro-to-micro, only the value of 57.9m was included and 57.9m is used for the “3 Micro TRPs per Macro TRP” as shown in Table 1. As we know, the values of minimum BS-UE (2D) distance for the other two scenarios, including “6 Micro TRPs per Macro TRP” and “9 Micro TRPs per Macro TRP”, are also accepted and the values of inter-BS distance are 42.4m and 32m as shown in Table 1, respectively. 
Table 1: Number of Micro TPP per Macro TRP vs. minimum distance between TRPs and UE cluster radius [3]
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRPs (m)
	Radius of UE dropping within a cluster: R (m)

	3
	57.9
	<28.9

	6
	42.4
	<21.2

	9
	32
	<16


The latter two scenarios shown in Table 1 are denser scenarios, which faces more serious cross-link interference. Therefore, we should more carefully evaluate these two denser scenarios. So, the values of 42.4m and 32m also need to be included. Furthermore, 57.9m and 32m are two typical values that should have higher priority.
We propose adding the following parameters to the inter-BS distance of deployment scenario of “dense urban”:
· Macro-to-macro: 200m

· Macro-to-micro: 105m [TR36.897] 

· Micro-to-micro: 57.9m, 42.4m, 32m. (42.4m is optional)
· Minimum BS-UE (2D) distance 

At RAN1#86 meeting, the following agreements about minimum BS-UE (2D) distance of deployment scenario of “dense urban” were agreed:
· Macro-to-UE: 35m [TR36.897] 

· Micro-to-UE: 10m [TR36.897]

As mentioned above, we should evaluate two denser scenarios and the values of 42.4m and 32m should be included. Correspondingly, some smaller values of minimum Micro-to-UE distance also need to be added. 
So, we propose the following updates to the minimum BS-UE (2D) distance of deployment scenario of “dense urban”:
· Macro-to-UE: 35m [TR36.897] 

· Micro-to-UE: 10m [TR36.897], {[x1, x2]} m for 6 and 9 micro TRPs per macro TRP. Both x1 and x2 are less than 10.
Note: 10m for “3 Micro TRPs per Macro TRP”, x1 for “6 Micro TRPs per Macro TRP”, x2 for “9 Micro TRPs per Macro TRP”. (x1 is optional)
· Carrier frequency 

At RAN1#86 meeting, the following agreements about carrier frequency were agreed:
· For 30GHz: Un-paired spectrum is preferred.

· For 2GHz: paired spectrum is preferred.

· For 4GHz: both paired and un-paired spectrum can be considered.
For below 6GHz spectrum, both NR-NR and NR-LTE coexistence scenarios need to be considered. At present, there are many TDD bands that belong to 2GHz, such as 1.9GHz, 2.3GHz and 2.6GHz and the deployment number of LTE TDD eNB is larger than LTE FDD eNB. We can also expect that this situation will be the same in NR. Therefore, it is necessary to carefully evaluate dynamic TDD operation in the un-paired spectrum of 2GHz. At the same time, the main band of 4GHz is 3.5GHz band and the 3.5GHz band has been seen as a TDD band or a candidate TDD band in most areas. So, for 4GHz, un-paired spectrum should also be preferred. 
We propose the following updates to the carrier frequency of deployment scenario of “dense urban”:
· For 30GHz: Un-paired spectrum is preferred.

· For 2GHz: both paired and unpaired spectrum is preferred can be considered. 

· For 4GHz: both paired and un-paired spectrum can be considered. Un-paired spectrum is preferred.
Proposal 5: Update the following simulation parameters about the deployment scenario of “Dense urban”:
	Parameters 
	Dense urban 

	Layout 
	Two layer:

·  Macro layer: Hex. Grid

·  Micro layer: Random drop (All micro BSs are outdoor)

·  3 micro BSs per macro BS
· 6 micro BSs per macro BS (optional)
· 9 micro BSs per macro BS 

	Inter-BS distance
	Macro-to-macro: 200m

Macro-to-micro: 105m [TR36.897] 

Micro-to-micro: 57.9m, 42.4m, 32m. 42.4m is optional

	Minimum BS-UE (2D) distance 
	Macro-to-UE: 35m [TR36.897] 

Micro-to-UE: 10m [TR36.897], {[x1, x2]} m for 6 and 9 micro TRPs per macro TRP. Both x1 and x2 are less than 10.
Note: 10m for “3 Micro TRPs per Macro TRP”, x1 for “6 Micro TRPs per Macro TRP”, x2 for “9 Micro TRPs per Macro TRP”. (x1 is optional)

	Minimum UE-UE (2D) distance 
	3m [TR36.843] 

	Carrier frequency 
	Macro layer: 4 GHz, 30 GHz [TR38.913]

Micro layer: 4 GHz, 30 GHz

	
	For 30GHz: Un-paired spectrum is preferred.

For 2GHz: both paired and unpaired spectrum is preferred can be considered. Un-paired spectrum is preferred
For 4GHz: both paired and un-paired spectrum can be considered. Un-paired spectrum is preferred. Un-paired spectrum is preferred.

	Aggregated system 
bandwidth 
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL) 

	Simulation bandwidth 
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results 


3 Conclusion 
In this contribution, we discuss some aspects of evaluation assumptions regarding duplex.  With the analysis, we have the following observations and proposals:
Observation 1: For the evaluation of intra-band and co-channel interference, the following two scenarios should have higher priority:
· co-channel interference

· in-band scenario with below 6GHz spectrum and bandwidth less than 20MHz
Proposal 1: ACLR should be considered for the evaluation of the in-band scenario.

Proposal 2: We can evaluate the co-channel scenario and in-band scenario with below 6GHz spectrum and bandwidth less than 20MHz first and then evaluate the in-band scenario with above 6GHz spectrum and bandwidth larger than 20MHz while we wait for RAN4 to finalize the related ACLR discussion.

Proposal 3: At least the following alternatives can be considered for evaluation of unsynchronized TDD

· Alt1: < CP, [FFS value(s)], which may be different for below and above 6GHz spectrum
· Alt2: < slot, [FFS value(s)], which may be different for below and above 6GHz spectrum
· Alt3: randomization without limitation
Observation 2: The evaluation of intra-operator scenario with synchronized network should have a higher priority.
Proposal 4: The following deployment cases of backhaul should be as the simulation assumption of duplexing:
· ideal backhaul
· non-ideal backhaul
· no backhaul
Proposal 5: Update the following simulation parameters about the deployment scenario of “Dense urban”:

	Parameters 
	Dense urban 

	Layout 
	Two layer:

·  Macro layer: Hex. Grid

·  Micro layer: Random drop (All micro BSs are outdoor)

·  3 micro BSs per macro BS

· 6 micro BSs per macro BS (optional)

· 9 micro BSs per macro BS 

	Inter-BS distance
	Macro-to-macro: 200m

Macro-to-micro: 105m [TR36.897] 

Micro-to-micro: 57.9m, 42.4m, 32m. 42.4m is optional

	Minimum BS-UE (2D) distance 
	Macro-to-UE: 35m [TR36.897] 

Micro-to-UE: 10m [TR36.897], {[x1, x2]} m for 6 and 9 micro TRPs per macro TRP. Both x1 and x2 are less than 10.
Note: 10m for “3 Micro TRPs per Macro TRP”, x1 for “6 Micro TRPs per Macro TRP”, x2 for “9 Micro TRPs per Macro TRP”. (x1 is optional)

	Minimum UE-UE (2D) distance 
	3m [TR36.843] 

	Carrier frequency 
	Macro layer: 4 GHz, 30 GHz [TR38.913]

Micro layer: 4 GHz, 30 GHz

	
	For 30GHz: Un-paired spectrum is preferred.

For 2GHz: both paired and unpaired spectrum is preferred can be considered. Un-paired spectrum is preferred
For 4GHz: both paired and un-paired spectrum can be considered. Un-paired spectrum is preferred. Un-paired spectrum is preferred.

	Aggregated system 
bandwidth 
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL) 

	Simulation bandwidth 
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results 
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