3GPP TSG RAN WG1 Meeting #87
R1-1611206
Reno, USA, November 14 - 18, 2016

Agenda Item:
7.1.4.3
Source:
Huawei, HiSilicon
Title:
Signalling design for reserved resource indication
Document for:
Discussion and decision 
1 Introduction

In RAN1#86bis meeting [1], it was agreed that explicit signaling to NR UEs can indicate reserved resources. 
· Explicit signaling to NR UEs can indicate reserved resources

· The details on signaling information and transmission are FFS 

· e.g. granularity for blank resource indication

· e.g. RRC signaling and/or L1 signaling (including DL control information)
· e.g. broadcast and/or unicast signaling

· e.g., whether this signaling is applicable to UE UL operation and/or DL operation and/or sidelink operation
· FFS: combination of above signaling
· FFS: time and frequency granularity
It was also agreed that coexistence between NR and LTE operation in the same licensed frequency band is supported. 
· To support the efficient coexistence between NR and LTE operating in the same licensed frequency band,

· At least legacy LTE features should be considered in the NR study, e.g.:

· MBSFN configuration (for LTE Rel-8 and beyond)

· TDD UL subframe (for LTE Rel-8 and beyond)

· SCell activation/deactivation (for LTE Rel-10 and beyond)

· TDD UL subframe configured by eIMTA feature (for LTE Rel-12 and beyond)

· NR should study the following candidate mechanisms for coexistence:

· Resource indication (e.g., blank resources, available resources, etc.) of time/frequency resources

· Reconfiguring channel bandwidth/carriers monitored by UEs

· Any other mechanisms are not precluded.

· For non co-located LTE/NR case, backhaul signaling between LTE and NR can be studied to mitigate inter-cell interference.

· FFS on which information can be conveyed on the backhaul signaling

· Over-the-air listening at the gNB can also be considered

· Note: Dynamic switch between NR and LTE can be studied from the perspective of network for co-located LTE/NR case.

From the agreements we can see that the blank resources granularity and indication is a key issue to be discussed. In this contribution we will discuss the time and frequency granularity design, and the details on signalling information and transmission of blank resources.
2 Granularity of blank resources
As stated in [2] motivations and use cases for explicit signaling for blank resources to NR UE include no restriction of blank resource configuration, multiplexing of verticals with various features, interference sensing from multiple TRP/UEs, dynamic change of TX/RX BW in case LTE co-existence and co-existence with legacy GSM/UMTS systems in the same spectrum. Since different scenarios have different design requirements, it is beneficial that the blank resources design is flexibly reserved in both time and frequency domain. 
For interference sensing from multiple TRP/UEs as shown in Figure 1, just a few symbols are enough to send a sensing pilot, in order that UE2 can firstly sense the interference from UE1. A few symbols for sensing pilot can leave many symbol resources for data transmission in a slot. From the perspective of the whole network TRPs/UEs will undergo multiple TRPs/UEs’ interference, so the sensing pilot should be allocated on part or all of the carrier bandwidth. 
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Figure 1: Illustration of UE-UE interference in dynamic UL/DL transmission
As proposed in [3] it is also possible blanked resources are used in NR for supporting future services/applications and new systems, leaving an open door for future uses and techniques. For example for some vertical applications like sensor in the base station, it is needed that enough bandwidth (for instance 80 MHz) is allocated to guarantee the sensing accuracy. So the whole bandwidth may be reserved for blank resources.
As agreed in [1] the coexistence between NR and LTE operating legacy LTE features should be supported. Maximizing the spectrum utilization for NR would require reserving only the minimum amount of resources that LTE system requires for operating and providing support for initial access and normal data transmissions to legacy LTE UEs. Signals that LTE needs to continue transmitting are CRS and periodic SRS. Channels that LTE needs to continue transmitting are PBCH, PDCCH for scheduling SIBx and SIB transmissions, and periodic PUCCH. Accordingly, necessary resources should be reserved for LTE/NR coexistence. It is clear that at least symbol-level and PRB-level granularity should be supported for reserving resources within the NR system. Reserving resources at the RE level (e.g. CRS REs) to further increase the spectrum utilization of NR would need to consider the impact on the NR mapping of reference signals, control and data channels. 
Proposal 1:
· Blank resources are reserved on symbol level in time domain, and several symbols can be reserved.
· Blank resources are reserved on PRB level in frequency domain, and the whole bandwidth is allowed to be reserved.

· Blank resources should allow avoiding NR transmissions overlapping with synchronization signals and PBCH resources of LTE. 
In addition to the scenarios discussed above, from forward compatibility point of view, it is beneficial to support other new services or features introduced later by using legacy or new techniques for network operation flexibility. It is possible that some time-frequency resources blanked in NR are allowed to operate the legacy systems including UMTS/GSM for multi-RAT operation on a single continuous block of spectrum and efficient spectrum utilization. It is also possible to allow the time-frequency resources blanked in NR for supporting future services/applications and new systems, leaving an open door for future uses and techniques. Potential coexistence and interference between legacy/new systems, future services/applications and NR system can be left for future study.
Proposal 2: Time-frequency blank resources should be allowed for operating legacy systems including UMTS/GSM and future services/systems with new techniques if justified.
Sharing of the bandwidth between different systems can also be done in the frequency domain by reconfiguration of carrier bandwidth. For example, LTE system bandwidth can be reconfigured in the blank resources of NR, either by reconfiguring a carrier bandwidth or reconfiguring carrier aggregation.

3 Indication of blank resources

As discussed above to better support forward compatibility blank resources should be flexible in time and frequency domain. There are several schemes to indicate the blank resources. 
Static or semi-static signalling for blank resources configuration and indication is used in legacy systems. This means the blanked symbols and PRBs are indicated in MIB information and can be configurable by SIB signalling. The RRC signalling can also be used for blank resources configuration and indication.
Besides, blanked resources can also be reserved and indicated dynamically through DCI information. However, when blank resources are aligned within the whole network including all TRPs/UEs, too many signalling are needed to convey among all the TRPs to indicate which PRBs or symbols are blanked. This DCI indication way introduces large signalling and backhaul delay. 
In a word, fully dynamic reservation of blank resources will introduce large complexity. Dynamic blank resources means arbitrary on time or frequency positions which introduces complicated and large overhead signalling for indication. Therefore one design target for forward compatibility is aimed for having a fine flexibility for blank resource reservation using a combination of static, semi-static and dynamic schemes.
Proposal 3: Static, semi-static or dynamic schemes should all be supported to indicate the blank resources.

4 Conclusions
This contribution discusses the design and indication for blank resources. After discussion we can conclude:
Proposal 1:
· Blank resources are reserved on symbol level in time domain, and several symbols can be reserved.

· Blank resources are reserved on PRB level in frequency domain, and the whole bandwidth is allowed to be reserved.

· Blank resources should allow avoiding NR transmissions overlapping with synchronization signals and PBCH resources of LTE. 
Proposal 2: Time-frequency blank resources should be allowed for operating legacy systems including UMTS/GSM and future services/systems with new techniques if justified.

Proposal 3: Static, semi-static or dynamic schemes should all be supported to indicate the blank resources.
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