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Introduction
At the RAN1 #87 meeting, following agreements were made regarding dynamic TDD [1].
	Agreements:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner
· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)
· FFS adaptation at the level of a mini-slot
· Other aspects, if any, are not excluded
· Note: the applicability of the above bullets in terms of spectra is a separate discussion



This agreement means that NR should support dynamic TDD at least for DL/UL data channels on a per-slot basis. In this contribution, we discuss the control channels/signals for dynamic TDD. Our views on data channel and initial evaluation results for dynamic TDD are provided in our companion contributions [2-4].
Design principle of control channels
NR is composed of various channels/signals, including initial access related channels/signals, beam/CSI management related channels/signals, DL/UL control channels, and DL/UL data channels. Different channels/signals have different requirements on reliability/performance. For dynamic TDD, cross-link interference has a significant impact on reliability/performance of channel/signal. Therefore, whether to assume cross-link interference for each channel/signal may result in totally different channel/signal designs. Considering that dynamic TDD is targeted to improve throughput by fast traffic adaptation, it is straightforward to consider that cross-link interference assumption is not necessary for some important but not frequently-transmitted channels/signals, i.e., initial-access related channels/signals and beam/CSI measurement related channels/signals. The main discussion for dynamic TDD is whether/how the DL/UL data/control channels are designed to be robust against cross-link interference. Possible dynamic TDD operations are listed below.

Option 1: UL and DL usage is flexibly changed for all DL/UL channels/signals.
Option 2: UL and DL usage is flexibly changed for DL/UL control/data channels.
Option 3: UL and DL usage is flexibly changed only for DL/UL data channels.

Option 1 is feasible if a contention/measurement based mechanism (e.g., listen-before-talk (LBT) as in unlicensed band operation) is applied with a sufficient reliability of contention detection. Considering that the required reliability/performance for control channels is always higher than that for data channels, with the option 2, impact of cross-link interference on control channels could be a dominant factor of the overall system performance. Option 3 is the most conservative way; only DL/UL data channels suffer from cross-link interference; impact of strong cross-link interference can be mitigated by HARQ/re-transmission. For Option 3, one of realizations of control channels is to fix/align DL/UL control channels/signals in time-domain between serving and interfering gNBs to avoid cross link interference as shown in Fig.1 (a). This structure causes fixed and larger overhead, while beneficial for faster DL/UL user scheduling and UL feedback. Another realization could be to not use some PRBs of a given slot for DL data transmissions, so that the PRBs can be used for UL control channel in the neighbouring gNBs as shown in Fig.1 (b). Compared to time-domain case, frequency-domain orthogonality is more challenging in general due to large power difference b/w DL and UL, ISI due to FFT window alignment, etc; however, without investigation, it is premature to exclude Fig.1 (b).
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(a) Time-domain orthogonal b/w UL control and DL data		(b) Frequency-domain orthogonal b/w UL control and DL data 
Fig. 1	Possible realizations of Option 3.

Considering the specification timeline of Rel.15, RAN1 should focus on Option 3 for the first release of NR. Further enhancement could be considered in the future release. 

Proposal 1. For the first release of NR, DL/UL data channels should be designed considering cross link interference.
Proposal 2. For the first release of NR, DL/UL control channels/signals should be designed not considering cross link interference.

UL control channel (PUCCH)
RAN 1 has so far agreed to support PUCCH in short-duration and PUCCH in long-duration as follows.

	Agreements at RAN1 #86bis
· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier  bandwidth



As we discussed in the previous section, there are at least two possible realizations of Option 3 for dynamic TDD. Between the two, time-domain orthogonal for DL data and UL control is more popular among RAN1. However, dynamic TDD relying on PUCCH in short-duration only would have limited UL coverage. In the following we analyse the UL coverage of PUCCH in short-duration. Note that the detail of PUCCH is still FFS, and our views and initial evaluation results on those UL channels are provided in our companion contributions [5-6].
Possible structures of PUCCH in short-duration and long-duration are illustrated as in Fig.2. PUCCH in short-duration is mapped on the last one or a few OFDM symbols, and PUCCH in long-duration spans over a long UL part of a slot and can be FDMed with UL data channel within the slot like LTE PUCCH. When considering PUCCH in short-duration for dynamic TDD, there would be no cross-link interference if the location/duration of PUCCH is aligned between the gNBs as shown in Fig. 1 (a).
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(a) PUCCH in short-duration		(b) PUCCH in long-duration
Fig. 2	Possible PUCCH structure

As was briefly described above, not using PUCCH in long-duration for dynamic TDD is the simplest way to avoid cross-link interference on control channel; however, it could restrict applicable scenarios of dynamic TDD due to the limited UL coverage of PUCCH in short-duration. In Tables 1 and 2, we show the UL coverage analysis for PUCCH in short-duration. In this evaluation, we assumed two cases, 1 TxRU at UE, 2 Rx RU at gNB, carrier frequency = 4GHz and subcarrier spacing (SCS) = 15kHz in Table 1, and 2 TxRU at UE, 32 Rx RU at gNB, carrier frequency = 28GHz and SCS = 120kHz in Table 2. Other evaluation parameters are summarized in Annex A.


Table 1. UL coverage analysis in scenario 1 (1x2 SIMO, 4GHz, 15kHz SCS)
	
	Case I
(UCI 16 bits with 32 PRBs)
	Case II
(UCI 64 bits with 32 PRBs)
	Case III
(UCI 8 bits with   16 PRBs)
	Case IV
(UCI 32 bits with 16 PRBs)
	Case V
(UCI 8 bits with      8 PRBs)

	Tx power (dBm)
	23

	Thermal noise density (dBm/Hz)
	-174

	Receiver noise figure (dB)
	5

	Interference margin (dB)
	0

	Occupied channel BW (Hz)
	32*18000
	32*18000
	16*18000
	16*18000
	8*18000

	Effective noise power (dBm)
	-101.4
	-101.4
	-104.4
	-104.4
	-107.4

	Required SINR (dB)
	0
	3.5
	3
	5.5
	6

	Receiver sensitivity (dBm)
	-98.4
	-94.9
	-98.4
	-95.9
	-98.4

	MCL (dB)
	121.4
	117.9
	121.4
	118.9
	121.4

	shadow fading std deviation (dB)
	4

	Max distance (m)   (3 dB margin)
	142
	114
	142
	121
	142

	Max distance (m)   (6 dB margin)
	118
	94
	118
	100
	118

	Max distance (m)   (9 dB margin)
	97
	78
	97
	83
	97



Table 2. UL coverage analysis in scenario 2 (2x32 MIMO, 28GHz, 120kHz SCS)
	
	Case I
(UCI 16 bits with 32 PRBs)
	Case II
(UCI 64 bits with 32 PRBs)
	Case III
(UCI 8 bits with   16 PRBs)
	Case IV
(UCI 32 bits with 16 PRBs)
	Case V
(UCI 8 bits with      8 PRBs)

	Tx power (dBm)
	23

	Thermal noise density (dBm/Hz)
	-174

	Receiver noise figure (dB)
	7

	Interference margin (dB)
	0

	Occupied channel BW (Hz)
	32*1440000
	32*1440000
	16*1440000
	16*1440000
	8*1440000

	Effective noise power (dBm)
	-90.4
	-90.4
	-93.4
	-93.4
	-96.4

	Required SINR (dB)
	-25
	-23.4
	-25
	-23
	-23.5

	Receiver sensitivity (dBm)
	-100.4
	-98.8
	-103.4
	-101.4
	-104.9

	MCL (dB)
	123.4
	121.8
	126.4
	124.4
	127.9

	shadow fading std deviation (dB)
	7.82

	Max distance (m)   (3 dB margin)
	127
	114
	155
	136
	171

	Max distance (m)   (6 dB margin)
	104
	94
	127
	111
	140

	Max distance (m)   (9 dB margin)
	86
	77
	104
	92
	115




From above analysis, UL coverage is at most a hundred and several tens of meters under those assumptions. Note that if further smaller UCI payload is assumed, e.g., 2 bits UCI without CRC, maximally several hundred meters can be achieved. The detailed evaluation results are shown in [5]. Anyway, this result means that dynamic TDD works well only in small cell deployment if Alt.1 is chosen. Of course, PUCCH in long-duration can be transmitted in non-dynamic-TDD resource in semi-static manner even when Alt.1 is chosen, but too large amount of fixed UL resource degrades the performance gain from dynamic TDD. Generally speaking, dynamic TDD has performance gain especially in small cell deployment due to the deviation of DL/UL traffic e.g. [4]. In that sense, Alt.1 is still candidate, but further study is needed.

Observation 1. When considering only PUCCH in short-duration, UL coverage is at most a hundred and several tens of meters. 
[bookmark: _GoBack]Proposal 3. RAN1 should investigate/study further whether/how to enable PUCCH in long-duration for dynamic TDD.

Summary
In this contribution, we presented our views on designs of control channel/signals for dynamic TDD. Following observation and proposals are made:

Observation 1. When considering only PUCCH in short-duration, UL coverage is at most a hundred and several tens of meters. 
Proposal 1. For the first release of NR, DL/UL data channels should be designed considering cross link interference.
Proposal 2. For the first release of NR, DL/UL control channels/signals should be designed not considering cross link interference.
Proposal 3. RAN1 should investigate/study further whether/how to enable PUCCH in long-duration for dynamic TDD.
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Annex

Table A1	Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz
	28GHz

	Channel model
	EPA
	CDL-B UMi street canyon

	System bandwidth
	20MHz
	80MHz

	Subcarrier spacing
	15kHz
	60kHz

	Antenna configuration
	1x2
	2x32

	CP overhead
	6.6%

	UE speed
	3km/h

	Receiver
	Real channel estimation 

	Encoding
	TBCC

	CRC
	8-bit

	Number of subcarriers per PRB
	12

	Waveform
	CP-OFDM

	Phase-noise
	Not modelled
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