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Introduction
At the RAN1 #87 meeting, the following agreements were made regarding dynamic TDD [1].
	Agreements:
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) and timing alignment between DL and UL 
· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.
· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 
· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement
· Study metric(s) to be used for CLI measurement, e.g., RSRP
· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)
· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP



In this contribution, we discuss potential necessary mechanisms to enable dynamic TDD for data channel. Our views on control channel and preliminary evaluation results for dynamic TDD were provided in our companion contributions [2-7].
Potential mechanisms to enable dynamic TDD
Advanced receiver
As is well known, flexible duplex causes not only conventional intra/inter-cell interference but also cross link interference (CLI). At the last meeting, advanced receiver was identified as a candidate for CLI mitigation scheme. Up to now, there were some WIs for inter-cell/intra-cell interference mitigation at UE side, e.g., Rel.11 MMSE-IRC [8], Rel.12 NAICS [9] and Rel.14 MUST [10]. For eNB side, performance requirements of MMSE-IRC were specified in Rel.13 LTE [11]. Roughly speaking, interference suppression/cancellation (IS/IC) receiver can be classified into the following two types.

Type 1. IS/IC receiver which does not require any assistance signalling (including PHY/higher layer/backhaul signalling) 
· E.g. MMSE-IRC, SIC/MLD for SU-MIMO interference
Type 2. IS/IC receiver which requires assistance signalling
· E.g. E-MMSE-IRC, SIC/MLD for inter-cell interference, etc
· Potential assistance information is MCS, CSI-RS ports, DM-RS pattern and transport block size, the number of layers, MIMO mode, transmission power, etc, of interfering signal(s)

In general, Type 1 receivers are simpler while Type 2 receivers have higher performance in interference-limited environment. However, as discussed in Rel.12 NAICS, there is a risk that Type 2 IS/IC receiver has lower performance compared with MMSE-IRC in the case where the received power of the interference signals is relatively low. Hence, in Rel.12 NAICS, fallback mechanism to MMSE-IRC receiver initiated by UE side was discussed to ensure a robust performance. Similar to LTE NAICS, for NR, Type 2 receiver would also be beneficial to improve interference mitigation capability. As a baseline operation, however, RAN1 should firstly study a mechanism such that Type 1 receiver works well.

Proposal 1. As a baseline, dynamic TDD should be designed such that MMSE-IRC receiver works well without any assistance signalling by PHY/higher layer/backhaul.
· Note: It does not preclude a possibility of assistance signalling.

RS design / CLI measurement
IS/IC receiver has quite large impact on cross-link interference mitigation especially for UL. To ensure sufficient performance improvement by an application of IS/IC, the following two aspects should be considered for RS design for data channel.

1. Keep RS orthogonality to conduct channel estimation for serving cell with high accuracy
2. Ensure good accuracy of CLI measurement

For DMRS design, it was agreed to study front-loaded DMRS at the RAN1 #86bis meeting. On the other side, the following agreements were made for DL control channel. 

	Agreements at RAN1 #86bis:
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot

Agreements at RAN1 #87:
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)



Those agreements mean that DL control channel could span multiple OFDM symbols. Hence, the possible resources of front-loaded DMRS for data channel demodulation are changed according to the number of symbols for DL control channel (called by CFI hereafter) as shown in Fig. 1 (a).


(a) Same direction			(b) Different direction
Fig. 1	Possible resources for front-loaded DMRS

From Fig.1 (a), it can be observed that the possible resources for front-loaded DMRS are completely aligned between the serving and interfering gNBs if CFI the same. Otherwise, the possible resources are not aligned. In addition, the possible resources are not aligned between DL and UL-centric slots due to DL/UL gap time regardless of CFI as shown in Fig 1 (b). Evan though possible resources are not aligned, channel estimation/CLI measurement should be enabled with high accuracy to mitigate interference signals including CLI sufficiently. A potential solution for this issue is to mute some data/control resources as shown in Fig.2.


(a) Same direction				(b) Different direction
Fig. 2	Muting to possible DMRS resources

In DL-centric slot, the location of DL DMRS is the same regardless of CFI to keep RS orthogonality as shown in Fig.2 (a). On the other hand, in both DL/UL-centric slots, some data resources are muted so as to keep DMRS orthogonality between DL and UL, and the amount of muted resources is determined based on DL/UL gap time and possible CFI value as shown in Fig.2 (b). With this structure, DL/UL DMRS can be used for channel estimation for serving link and covariance estimation for inter-cell interference in the same direction. Muted resource in DL/UL can be used for covariance estimation for cross link interference. We can obtain some benefits by this structure, (i) front-load DMRS can be applied in any cases, (ii) accurate channel/covariance estimation thanks to muted resources, (iii) unnecessary of inter-gNB coordination of DMRS position, at the cost of some overhead due to the muted resources. 

Proposal 2. Consider to design DL/UL DMRS taking into account not only the difference of transmission direction but also the difference of the duration of DL control channel.

Flexible scheduling and HARQ timing
For eIMTA, reference configuration is defined to handle the HARQ timeline issues. For NR dynamic TDD, HARQ timeline is still an open issue to be investigated. To fully exploit the flexibility, flexible timing for DL/UL scheduling and HARQ-ACK feedback for DL data reception should be the baseline. Detailed mechanisms of flexible timing for data scheduling and HARQ-ACK feedback for DL data reception are discussed in our companion paper [12].

Proposal 3: Support flexible timing for DL/UL scheduling and HARQ-ACK feedback for DL data reception for dynamic TDD.

Possible time scales
As agreed at the last meeting, the transmission direction should be able to be determined dynamically. Taking into account the possible time-domain structure of NR [12], following time scales can be considered as the possible time scales for flexible duplex:

· Option 0: longer than a subframe (e.g., 10ms)
· Option 1: subframe (1ms)
· Option 2: multi-slots 
· Option 3: slot
· Option 4: mini-slot

Different time scale may have different system impact. From the perspective of traffic adaptation, shorter time scale may be beneficial, e.g., per slot, which could be realized by, e.g., using DL control signaling at the beginning of a slot. For small cell deployment, shorter time scale may be useful to enable very fast traffic adaptation to the traffic variation since the traffic variations are much larger than that in a large cell. However, the frequent DL-to-UL switching loses spectral efficiency due to guard period overhead. Furthermore, for macro-cell deployment, the frequent switching between DL and UL may not be necessary as the traffic characteristics are rather static. 

Another issue is the service type supported in the TDD carrier. For example, if lower-latency service is supported in TDD carrier, then large time scale, i.e., slow UL-DL adaptation would be harmful for latency reduction as discussed for LTE FS2 in LR SI [13]. For eMBB, short time scale may be beneficial to speed up data transfer during TCP slow start phase as observed in the short-TTI discussion, but very fast/frequent switching sacrifices spectral efficiency due to the overhead increase of DL-UL switching and control signalling. 

Based on the above discussion, it can be found that depending on required traffic adaptation speed, acceptable overhead, and possible interference management, appropriate time-scale of dynamic TDD may be different. We started system-level performance evaluation assuming dense urban and indoor hot spot as presented in our companion contributions [5-6]. 

Proposal 4. Different time-scale of traffic adaptation in dynamic TDD should be supported.

Summary
In this contribution, we presented our views on data channel designs for dynamic TDD. Following proposals are made.
Proposal 1. As a baseline, dynamic TDD should be designed such that MMSE-IRC receiver works well without any assistance signalling by PHY/higher layer/backhaul.
· Note: It does not preclude a possibility of assistance signalling.
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Proposal 3: Support flexible timing for DL/UL scheduling and HARQ-ACK feedback for DL data reception for dynamic TDD.

Proposal 4. Different time-scale of traffic adaptation in dynamic TDD should be supported.
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