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1. Introduction

For some requirements such as REFSENS, RRM test cases, UE demodulation requirements for TDD, TDD configuration (UL/DL configuration) needs to be clearly indicated as testing assumptions. That indication, however, has not been currently introduced even in REFSENS requirements. In this contribution, we discuss TDD configurations to finalize the discussion on testing assumption for the core requirements by June.
2. TDD configuration for NR
In this section, we briefly summarize mechanism to configure UL/DL patterns to NR UE.

In LTE, only frame structure type 2 is used for TDD operation, and UL/DL configuration and special subframe configuration determine DL/UL resources in a radio frame [1]. The value ranges of those parameters are limited, more specifically seven values, i.e. {0-6}, and eleven values, i.e.{0-10}, are allowed for UL/DL configuration and special subframe configuration, respectively. In addition, HARQ timing is associated with UL/DL configuration as Fig.1. The mechanisms with limited value ranges significantly simplify the LTE specifications related to TDD operation. Notice that the drawback for LTE TDD operation is less flexible than NR TDD operation.
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Figure 1. TDD configuration and DL HARQ timing in LTE (UL-DL config #2 as example)

On the other hand, NR TDD has been specified in a quite flexible way. Roughly speaking, there are two ways to configure UL-DL patterns as follows:
1. Semi-static configuration via higher layer signaling (SIB1 and/or RRC signaling)
2. Dynamic configuration via PDCCH (e.g. DCI format 2-0 and/or DL/UL grants)

A total picture of the above configurations is described in Fig.2. For the static configuration, two parameter sets, TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated, are specified in [2]. The first set determines TDD transmission periodicity and the number of continuous DL/UL slots and OFDM symbols within the periodicity. Note that up to two parameter sets of TDD-UL-DL-ConfigCommon can be configured, and also it is possible not to configure any TDD-UL-DL-ConfigCommon to NR UE. The resources which are neither DL nor UL by TDD-UL-DL-ConfigCommon are considered as “flexible” resource. The DL/UL configuration of flexible resources can be configured by TDD-UL-DL-ConfigDedicated in a semi-static manner. Also, it can be configured by PDCCH in a dynamic manner. For the dynamic configuration, DCI format 2-0 is specified in [3], which is a dedicated DCI format to configure a DL/UL pattern for flexible resources. The UL or DL scheduling grant can be also used for deciding UL/DL pattern for flexible resources. In addition, unlike LTE TDD the HARQ timing of NR TDD is NOT dependent on the above TDD configurations. The actual HARQ timing and offset between DL/UL grant and PDSCH/PUSCH transmission timing can be explicitly indicated by PDCCH (K0, K1 and K2) as shown in Fig. 3. 
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Figure 2. TDD configuration in NR
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Figure 3. DL/UL scheduling and HARQ timing indication in NR (just an example)

3. TDD testing setup for Rel.15 NSA
In this section, we discuss potential TDD configurations for FR1 and FR2, respectively.

As mentioned in the section 1, UL/DL configuration needs to be decided at least for REFSENS, RRM and UE demodulation requirements. The discussion on RRM test cases and UE demodulation requirements start from this meeting. Hence, RAN4 has still some time for such requirements. However, REFSENS requirements need to be finalized by June. Hence, the NR TDD configurations for REFSENS should be discussed and decided in an urgent manner.
Observation 1. TDD configuration for some core requirements (e.g. REFSENS) should be discussed and decided by June.
3.1. FR1

The UL/DL configuration for NR can be flexibly configured to UE as described in the section 2. For FR1, however, it is worth noting that there are legacy LTE TDD networks with a certain UL/DL configuration with network synchronization within operators. For this reason, practically available UL/DL configuration for some EN-DC configurations would be limited. More specifically, the same UL/DL configuration needs to be synchronized between LTE and NR in intra-band EN-DC (e.g. DC_41A_n41A) and some inter-band EN-DC (e.g. DC_42A_n78A) configurations. Provided that it would be very challenging to change the UL/DL configuration of the existing LTE service, NR shall have the same UL/DL configuration as LTE. Currently, UL/DL configuration #2 such as Fig.1 would have been widely utilized in the world, so it is reasonable to use this configuration as a baseline assumption for NR for FR1. On the other hand, it is unclear if only UL/DL configuration is sufficient for REFSENS testing setup, so which parameters, e.g. K0, K1 and K2 in PDCCH is needed should be identified and clarified within this meeting, and the values should be decided by the next RAN4 meeting.
Proposal 1: For FR1, the UL/DL configuration for NR REFSENS is the same as UL/DL configuration #2 of LTE. The exact parameters and UL/DL pattern assuming 30kHz SCS are described in Fig4. a).

· Other parameters which are needed for finalizing the testing assumption for REFSENS, e.g. K0, K1 and K2, should be identified in this meeting, and decided by the RAN4 #87 meeting in May.

For other RAN4 requirements, e.g. UE demodulation requirements, it is beneficial to have another UL/DL configuration to have wider test coverage. For example, it would be beneficial to test a UL/DL configuration prioritizing UL resource such as Fig. 4 b) for ensuring the performance in isolated area, e.g. indoor spot and even hall. It would be also beneficial to test a UL/DL configuration which enables faster A/N feedback such as Fig.4 c) considering URLLC service. Those configurations should not be a baseline, but it should be tested in specific test cases. Note that 30kHz SCS is also assumed in Fig.4 b) and c).
Proposal 2: For FR1, the UL-DL configurations described in the figures 4 b) and c) needs to be tested in some specific test cases (in either core or performance requirements).
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b. DL:UL = 1:1 (UL heavy for isolated area, e.g., indoor deployment, event hall)

c. DL:UL = Pattern a) with increasing UL opportunity (e.g. for URLLC)
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Figure 4. TDD configuration for NR sub6 assuming 30kHz SCS
3.2. FR2

For FR2, there is no need to restrict UL/DL configuration unlike FR1, but three UL/DL configurations as shown in Fig.5 a), b) and c) can be considered similar to FR1. Note that 120kHz SCS is assumed in Fig.5. We also note that in Fig.5 a), the UL/DL configuration of 4:1 DL/UL ratio is similar to UL/DL configuration #2 in LTE, but another DL/UL ratio, e.g. 3:1, might be more appropriate considering slot structure and HARQ timing. At this moment we don’t have strong opinion on which option is baseline for REFSENS. But to finalize the discussion of REFSENS requirement, it should be decided by the next RAN4 meeting as well as FR1.

Proposal 3: For FR2, companies are encouraged to provide the required TDD configuration and other required parameters by May meeting to finalize the core requirements for Rel.15 NSA, e.g. REFSENS.

· At least UL/DL configuration for REFSENS should be decided by the next RAN4 #87 meeting in May.
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b. DL:UL = 2:2 (UL heavy for isolated area, e.g., indoor deployment, event hall)

c. DL:UL = Pattern a) with increasing UL opportunity (e.g. for URLLC)
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Figure 5. TDD configuration for NR mmW assuming 120kHz SCS
4. Conclusion
In this contribution, we discuss TDD configuration to finalize the discussion on testing assumption at least for the core requirements by June. Our proposals and observation are summarized below.
Observation 1. TDD configuration for some core requirements (e.g. REFSENS) should be discussed and decided by June.
Proposal 1: For FR1, the UL/DL configuration for NR REFSENS is the same as UL/DL configuration #2 of LTE. The exact parameters and UL/DL pattern assuming 30kHz SCS are described in Fig4. a).

· Other parameters which are needed for finalizing the testing assumption for REFSENS, e.g. K0, K1 and K2, should be identified in this meeting, and decided by the RAN4 #87 meeting in May.

Proposal 2: For FR1, the UL-DL configurations described in the figures 4 b) and c) needs to be tested in some specific test cases (in either core or performance requirements).
Proposal 3: For FR2, companies are encouraged to provide the required TDD configuration and other required parameters by May meeting to finalize the core requirements for Rel.15 NSA, e.g. REFSENS.

· At least UL/DL configuration for REFSENS should be decided by the next RAN4 #87 meeting in May.
References
[1] 3GPP, TS36.211 (V15.1.0)

[2] 3GPP, TS38.331 (V15.1.0)
[3] 3GPP, TS38.212 (V15.1.0)[image: image6.jpg]Y




