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1. Introduction

In RAN1#84bis meeting [1], agreements on flexible duplex and dynamic TDD were made as follows:
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In this contribution, we discuss evaluation scenarios and assumptions for flexible duplex operation in NR design.  
2. Evaluation scenarios
In TR38.913 [2], several deployment scenarios have been considered to support diverse applications and usage cases. In our companion contribution [3], several flexible duplex scenarios are elaborated for both downlink and uplink spectrums. Due to flexible duplex operation, various kinds of eNB-to-eNB or UE-to-UE interference would affect the system performance depending on deployment scenarios. For example, for dense urban scenario, macro to macro, macro to pico, pico to pico, and UE to UE interferences will occur in case of flexible duplex and the corresponding impact due to such interference needs to be studied. Furthermore, considering the beam-based operation particularly in above 6GHz, it would be important to see benefits and effects due to flexible duplex combined with analog beamforming operation. Thus, at least dense urban, urban macro, and indoor hotspot with both below and above 6GHz carrier frequency need to be investigated with evaluation for supporting flexible duplex in NR design. 
Proposal 1: Consider dense urban, urban macro, and indoor hotspot scenarios with both below and above 6GHz for evaluating flexible duplex. 
3. Evaluation assumptions
Most of evaluation assumptions for scenarios considered in NR have been already decided as Section A.2 in [4]. However, it is significant to consider parameters, not defined yet in NR context, which are likely to be necessary for evaluations of flexible duplex. In this section, we investigate such necessary parameters and present our views with proposals. 
3.1. Channel model 

RAN1 has extensively discussed path loss modeling in 3D channel model SI [5] for below 6GHz and NR channel model SI [6] for above 6GHz in order to enable system-level evaluations. However, modeling of path loss for eNB-to-eNB or UE-to-UE link has not been of interest at least in those SIs. In order to evaluate benefits of flexible duplex, it would be necessary to define path loss model between two eNBs (e.g., macro eNB to macro eNB, macro eNB to pico eNB, and pico eNB to pico eNB) and also path loss model between two UEs. In fact, path loss models between two eNBs and between two UEs have been already developed under the limited assumption (e.g., 2GHz carrier frequency and 10MHz bandwidth) in eIMTA SI [7] but it seems not desirable to reuse the model since more various carrier frequency bands and wider bandwidth are currently considered in NR design. In what follows, we discuss potential path loss model of each link between two eNBs and between two UEs for flexible duplex in NR design. 
·  Macro to macro link: In eIMTA SI [7], free space path loss model was used. However, considering massive MIMO system and beam-based operations in higher frequency band in NR, it might be not unreasonable to reuse the free space path loss model. Although the maximum applicable height of receiver is 22.5m, for simplicity, one possible approach is to use 3D-UMa and 5GCM-UMa path loss model for below and above 6GHz, respectively, for evaluating flexible duplex. 
·  Pico to pico link: Since BS antenna height of pico eNB is assumed to be 10m, which is within the applicable range (i.e., 1.5m~22.5m) for path loss model of 3D-UMi and 5GCM-UMi-street canyon, one possible approach is to reuse those path loss model of 3D-UMi and 5GCM-UMi-street canyon for below and above 6GHz, respectively. For 2GHz carrier frequency, the difference of path loss of 3D-UMi and in eIMTA TR is observed about 30 dB. (See Appendix) Thus, additional offset may be considered to align path loss model between 3D-UMi and in eIMTA TR. 
·  Macro to pico link: Analogous to pico to pico link, one possible approach is to reuse path loss model of 3D-UMa and 5GCM-UMa canyon for below and above 6GHz, respectively. Since the difference of path loss of 3D-UMa and in eIMTA TR is observed about 7 dB for 2GHz carrier frequency (See Appendix), additional offset may be considered to compensate the difference of path loss for below 6GHz. 
·  UE to UE link: For UE to UE link, our suggestion is to simply reuse path loss model of D2D SI [8] for below 6GHz. It can be observed that path loss according to model in D2D SI shows about 20 dB difference from that according to model in eIMTA SI [7] so additional offset may be taken into account as well. For above 6GHz, one possible way is to reuse path loss model of 5GCM-UMi-street canyon with necessary modification where the antenna height of transmitter needs to be replaced by 1.5m
Proposal 2: Reuse 3D channel model and 5GCM channel model for path loss model between eNBs. Reuse D2D channel model and 5GCM channel model for path loss model between UEs. Further discussion is needed on whether to adopt additional path loss offset to 3D and 5GCM channel models. 
Further investigation is needed on whether to reuse standard deviation of shadow fading from other channel models, which is similar to the path loss model. Also, it seems necessary to study whether/how to assume fast fading model for evaluating flexible duplex in NR design. 
3.2. Traffic model 

To evaluate benefits from flexible resource utilization, it would be helpful to assume the realistic traffic model such as non-full buffer traffic model. In SCE SI [9], FTP traffic model 3 was defined based on FTP traffic model 2 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue. Considering that the FTP traffic model 3 is based on modification of the traffic model used in eIMTA SI, one possible option is to use the FTP traffic model 3 as baseline. For the number of UEs per TRP, the value defined for full buffer traffic in [2] can be also reused for non-full buffer traffic case.
Proposal 3: Use the FTP traffic model 3 as baseline. Use the number of UEs per TRP defined for full-buffer traffic in TR 38.802. 
3.3. Other simulation assumptions 

According to the latest version of TR 38.xxx, the minimum distances between macro eNB and UE, between pico eNB and UE, and between macro and pico eNBs are not determined yet. One suggestion is to reuse values from EB/FD-MIMO SI [10] as follows:
·  Minimum distances between macro eNB and UE: 35m
·  Minimum distances between pico eNB and UE: 10m

·  Minimum distances between macro and pico eNBs: 105m

Similarly, the minimum distance between UEs also needs to be defined. In D2D SI [8], since path loss model is assumed to be valid up to a minimum distance of 3m, the minimum distance between UEs is set to 3m. One possible proposal is to reuse this value for the minimum distance between UEs for evaluating flexible duplex.
·  Minimum distance between UEs: 3m

Proposal 4: Use the following values for the minimum distance
·  Minimum distances between macro eNB and UE: 35m

·  Minimum distances between pico eNB and UE: 10m

·  Minimum distances between macro and pico eNBs: 105m

·  Minimum distance between UEs: 3m

4. Conclusions

In this contribution, we discussed evaluation scenarios and assumptions for flexible duplex operation in NR design. Based on the above discussions, our proposals are given as follows:

Proposal 1: Consider dense urban, urban macro, and indoor hotspot scenarios with both below and above 6GHz for evaluating flexible duplex. 
Proposal 2: Reuse 3D channel model and 5GCM channel model for path loss model between eNBs. Reuse D2D channel model and 5GCM channel model for path loss model between UEs. Further discussion is needed on whether to adopt additional path loss offset to 3D and 5GCM channel models. 
Proposal 3: Use the FTP traffic model 3 as baseline. Use the number of UEs per TRP defined for full-buffer traffic in TR 38.802. 
Proposal 4: Use the following values for the minimum distance

·  Minimum distances between macro eNB and UE: 35m

·  Minimum distances between pico eNB and UE: 10m

·  Minimum distances between macro and pico eNBs: 105m

·  Minimum distance between UEs: 3m
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Appendix 

In Figures 1 and 2, it can be observed that the misalignment of path loss model for between eIMTA TR [Table A.1-3, 7] and 3D channel model TR [Table 7.2-1, 5]. Specifically, the difference of path loss between 3D-UMi and pico-to-pico in eIMTA TR is about 30 dB for NLOS case, and the difference of path loss between 3D-UMa and macro-to-pico in eIMTA TR is about 7 dB for NLOS case. 
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Figure 1. Path loss model for between 3D-UMi and eIMTA pico-to-pico
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Figure 2. Path loss model for between 3D-UMa and eIMTA macro-to-pico
Agreements:


Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval


Study flexible duplex








