3GPP TSG RAN WG1 NR Ad-Hoc Meeting                            R1-1700584
Spokane, USA, 16th – 20th January 2017
Source: 	ETRI
[bookmark: Title]Title: 	Discussion on NR reserved resources
Agenda Item:	5.1.12 Other
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
Based on the agreements of the last two RAN1 meetings, NR is expected to support explicit signaling for indication of reserved resources and as a signaling type at least RRC signaling will be introduced [1, 2].
	Agreements from RAN1 #86bis:
· 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
Agreements from RAN1 #87:
· At least some reserved resources are indicated by using at least RRC signaling



In this contribution, we investigate potential use cases of reserved resources in NR and show our view on some of above FFS points, e.g., details of signaling and resource granularity.

Discussion
As well as the forward compatibility aspects, the NR reserved resources may be applicable to some of basic NR operations and ensuring backward compatibility. Some potential use cases of the reserved resources are discussed in the following.

[Case 1: URLLC transmission]
The reserved resources can separate the resources of eMBB and URLLC transmissions. That is, URLLC data can be transmitted on reserved resources while eMBB data can avoid or rate match the reserved resources. This approach is feasible when the latency and the reliability requirements for URLLC are not extremely tight [3]. By the resource separation, complicated Tx/Rx schemes to solve the potential resource overlap or collision, e.g., puncturing and partial TB retransmission, need not be applied for eMBB UEs.
[bookmark: _GoBack]Either frequency resources or time-frequency resources can be reserved for URLLC transmission depending on eMBB and URLLC multiplexing type, i.e., FDM or TDM, as drawn in Fig. 1. For the latter case, a time domain resource pattern can be defined and signalled to UE. The duration of the time domain resource pattern can be one or several slots, and its granularity can be any URLLC scheduling unit, e.g., a mini-slot or a slot. While semi-static signalling may be sufficient to determine the frequency resources, dynamic signalling will be useful to adapt the time domain resource pattern to the URLLC traffic condition at least in DL.
Observation 1: The reserved resources can separate the resources of eMBB and URLLC transmissions, from which Tx/Rx processing for eMBB UEs can be greatly simplified.



[bookmark: _Ref471643919]Fig. 1. Examples of reserved resources for URLLC

[Case 2: In-band NB-IoT]
To secure sufficiently large bandwidth for machine-type services, all the three NB-IoT scenarios, i.e., in-band, out-band, and standalone modes, are expected to be extensively deployed in the future. Therefore it should be allowed that NB-IoT carriers are embedded in NR carriers as well as the LTE normal carriers. To protect the NB-IoT signals in LTE, LTE data channel is not scheduled on the NB-IoT carrier bandwidth and some of LTE control channels and reference signals are rate matched by the NB-IoT channels. However, NR signals and channels will have different patterns and positions which cannot be treated at the NB-IoT side. Therefore NR should support blank frequency resources where any NR signal or channel is not transmitted.
Another difference between NR and LTE is that NR PRB boundary may not be aligned with NB-IoT carrier bandwidth (Case 2-1 in Fig. 2(a)), and even the NR subcarriers and NB-IoT subcarrier may not be orthogonal to each other (Case 2-2 in Fig. 2(b)) depending on future decision on carrier center location [4]. While one NR PRB per NB-IoT carrier may be sufficient in Case 2-1 with a proper subcarrier offset to the PRB, one or two more PRBs need to be blanked to mitigate inter-carrier interference in Case 2-2.
Observation 2: The reserved resources are applicable for scenarios where NB-IoT carrier(s) are deployed within a NR carrier to protect the NB-IoT signals.



[bookmark: _Ref471648766]Fig. 2. In-band NB-IoT examples
[Case 3: Forward compatibility]
There are many unidentified NR scenarios such as D2D, unlicensed band, vehicular and aircraft communications, enhanced positioning, mMTC, etc. Also in order to prolong the life expectancy of 5G network, NR should support flexible coexistence with other RATs, especially with non-3GPP RATs. Support of RRC signaling only may greatly restrict the future use cases of NR.

[Signaling method and resource granularity]
Considering the aforementioned use cases, it is preferred that NR supports L1 signaling as well as RRC signaling for indication of reserved resources. L1 signaling can be applied at least for the time domain reserved resources. Considering the signaling overhead, L1 signaling can be combined with RRC signalling. For example, one of multiple preconfigured patterns by RRC signaling can be dynamically indicated to group of UEs by common DCI. Or a default pattern is configured by RRC signaling and L1 signaling is transmitted only when the pattern should be changed.
As the resource granularity, one or multiple contiguous PRBs are appropriate in frequency to cover the whole examined use cases. In the time domain, a mini-slot or a slot can be used as the minimum granularity to support URLLC transmission. If frequency hopping is applied to reserved resources, the hopping pattern may be aligned with hopping patterns of other NR signals and channels.
Proposal 1: NR reserved resources can be configured by L1 signaling.
Proposal 2: The reserved resources can be blanked or be utilized by NR UEs to transmit NR signals.
Proposal 3: Consider one or multiple PRBs in the frequency domain and both a mini-slot and a slot in the time domain as the reserved resource granularity.

Conclusion
In this contribution, we discussed use cases and signaling details of NR reserved resources. Our observations and proposals include:
Observation 1: The reserved resources can separate the resources of eMBB and URLLC transmissions, from which Tx/Rx processing for eMBB UEs can be greatly simplified.
Observation 2: The reserved resources are applicable for scenarios where NB-IoT carrier(s) are deployed within a NR carrier to protect the NB-IoT signals.
Proposal 1: NR reserved resources can be configured by L1 signaling.
Proposal 2: The reserved resources can be blanked or be utilized by NR UEs to transmit NR signals.
Proposal 3: Consider one or multiple PRBs in the frequency domain and both a mini-slot and a slot in the time domain as the reserved resource granularity.
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