3GPP TSG RAN WG1 Meeting #86
R1-167221 
Gothenburg, Sweden 22 - 26 August 2016

Agenda Item:
8.1.8
Source:
Huawei, HiSilicon
Title:
Discussion on unified duplex for paired spectrum – flexible duplex
Document for:
Discussion and decision 
1 Introduction

In [1], a unified duplex is proposed. Unified duplex aims to allow most flexible time-frequency resource usage of operators’ spectrum under a single framework. Unified duplex shall inherently support both dynamic TDD and flexible duplex, and is also forward compatible to support full duplex. 
The concepts of dynamic TDD and flexible duplex have been extensively discussed in the past. Dynamic TDD is applicable to an unpaired spectrum where most of the time-frequency resources can be dynamically allocated for DL or UL, depending on the traffic need. Flexible duplex is applicable to a paired spectrum where DL and UL transmission can occur in each part of the paired spectrum. For flexible duplex of a paired spectrum, it is noted that DL/UL subframe partition in each part of the paired spectrum can be either semi-static or dynamic.
In this contribution, we discuss several aspects related to flexible duplex. 
2 Overview of unified duplex for paired spectrum
NR should allow the following usage of a paired spectrum [1]:
· It should allow traditional FDD operation on a paired spectrum

· It should allow both DL and UL in either part of a paired spectrum

For a paired spectrum, traditional FDD operation refers to the case in which one part of the paired spectrum is exclusively used for DL and the other part of the paired spectrum is exclusively used for UL. Such an FDD operation is allowed in previous generation of wireless communication systems and hence it is necessary to enable this operation in NR as well. However, given the observed DL/UL traffic asymmetry, static frequency-domain DL/UL partition of the paired spectrum is inefficient for spectrum utilization.
For a paired spectrum, by allowing both DL and UL in either part of the paired spectrum, better spectrum utilization can be achieved. Several operations may be envisioned:

· One part of the paired spectrum is used dominantly for DL while the other part of the paired spectrum is used for both DL and UL. The DL/UL subframe allocation on the latter part does not change dynamically, e.g. especially for deployments in which cross-link interference may not be mitigated sufficiently well.
· One part of the paired spectrum is used dominantly for DL while the other part of the paired spectrum is used for both DL and UL. The DL/UL subframe allocation on the latter part can change dynamically, e.g. especially for deployments in which cross-link interference may be mitigated sufficiently well. 
In addition, some UL signal (e.g. SRS) can be allowed in the part of the paired spectrum used dominantly for DL, such that channel reciprocity can be exploited to improve DL performance.
3 Unified duplex for paired spectrum – flexible duplex
In this section, we focus on the feature of flexible duplex for paired spectrum.

3.1 Scenarios for flexible duplex
In [2], a few scenarios for dynamic TDD evaluation are proposed. Table 1 summarizes the proposed evaluation scenarios for flexible duplex. Detailed simulation assumptions are included in [3].

Table 1: Possible scenarios for flexible duplex evaluation
	Index
	Site co-existence type
	Channel co-existence type
	Frequency 
	Deployment

	1
	Macro-Macro
	Single operator
	4GHz
	Urban macro

	2
	Macro-Macro
	Single operator
	2GHz
	Urban macro

	3
	Macro-Macro
	Multi-operator
	4GHz
	Urban macro

	4
	Macro-Macro
	Multi-operator
	2GHz
	Urban macro


3.2 Cross-link interference mitigation

Cross-link interference can exist if dynamic DL/UL subframe partition is applied to one part of a paired spectrum. In general, the interference mitigation schemes designed for dynamic TDD [2] is also applicable to flexible duplex. Aspects such as symmetric wave form design for DL and UL, interference cancellation scheme, over-the-air signaling design may be studied further to mitigation cross-link interference for both dynamic TDD and flexible duplex.
If semi-static resource partition is used on a part of paired spectrum in which both DL and UL are allowed, there may not be cross-link interference if neighboring cells use the same semi-static resource partition. This is analogous to traditional TDD operation in which UL/DL configuration is common to all cells.
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Figure 1: Example of cross-link interference
3.3 Signaling design for flexible resource indication
If dynamic DL/UL subframe partition is applied to one part of the paired spectrum, then some corresponding design for dynamic TDD may be also applicable. One different is that if explicit signaling is designed for flexible resource indication, such signaling may be transmitted in the DL-dominant part of the paired spectrum. 
If dynamic DL/UL subframe partition is not applied to any part of the paired spectrum, then no dynamic signaling for flexible resource indication is needed. It however requires further discussion on RRC signaling to indicate a semi-static resource partition on the part of paired spectrum in which both DL and UL are allowed. 
3.4 HARQ/scheduling timing

Flexible HARQ/scheduling timing design needs to consider its support for flexible duplex. In particular, it should allow HARQ-ACK transmission corresponding to DL data in a subset of subframes. This is due to the fact that much less subframes may be assigned for UL than for DL, in order to accommodate the DL heavy traffic situation observed in practical networks.
3.5 CSI and Power control

If dynamic DL/UL subframe partition is applied to one part of the paired spectrum, then some corresponding design for dynamic TDD, i.e. more flexible and robust CSI measurement/report and power control, may be also applicable.

4 Conclusions
In this contribution, we discuss unified duplex for paired spectrum. The intended design targets for paired spectrum within the unified duplex framework are provided. Some designs for dynamic TDD may be applicable for flexible duplex, if dynamic DL/UL resource allocation is intended to be applied on one part of the paired spectrum. It is noted that semi-static DL/UL resource partition in one part of a paired spectrum is also a possible use case of flexible duplex, in which there may not be cross-link interference. 
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