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The objective of the Rel-16 WID on additional enhancements for NB-IoT on coexistence of Rel-16 NB-IoT with NR [1] is the following:
Coexistence with NR
· Specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2].

In this meeting, there are six contributions [3]-[8] discussing the coexistence of NB-IoT with NR. This contribution summarizes companies’ views and provides potential agreements.  
Agreements on coexistence of NB-IoT with NR in RAN1#98 are listed below. All Rel-16 RAN1 agreements are collected in [2].
RAN1#98
	Agreement
Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers.

Agreement
UL resource reservation for NB-IoT is supported.

Agreement
· FDD UL resource reservation is supported with subframe-level granularity
· FFS: Slot-level, symbol-level
· DL resource reservation is supported with slot-level and symbol(s)-level granularity.

Agreement
The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by higher layer signalling.
· FFS whether the resource in an invalid and/or valid subframe indicated by legacy downlink bitmap can be configured as the reserved resource
· FFS signalling

Agreement
NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.
· NB-IoT transmission is dropped for symbol-level reserved resources.
· NB-IoT transmission is dropped for slot-level reserved resources.
· NB-IoT transmission is postponed for subframe-level reserved resources.





 

Resource reservation in NB-IoT
It was agreed to support DL resource reservation with slot-level and symbol(s)-level granularity. However, it is not clear to which channel/information the resource reservation applies.
Puncturing NRS will significantly degrade the performance in low-SNR regimes where the performance is limited by channel estimation. Therefore, it is desirable to transmit NRS in the reserved resources to minimize the impact to the UE implementation.

	Qualcomm [8]
	Proposal 1: UE is not expected to receive NRS in a subframe when reserved resources comprise any NRS symbol.

	Ericsson [3]
	Proposal 4: NB-IoT symbols that carry NRS are not reserved.



Potential Agreement #1:
NB-IoT symbols that carry NRS are not reserved.

The finer granularity resource reservation is not backward compatible, and it may not be applied to broadcast DL transmission. There could be two alternatives. Alt. 1 is to have independent resource configuration for the legacy and finer granularity resource reservation. That is, a valid subframe indicated by the legacy configuration may be configured as invalid resource by UE specific RRC signalling, or vice versa. For Alt. 2, the configuration of finer granularity reserved resources is only based on the invalid subframes by the legacy configuration. Alt. 2 has an advantage of less signalling overhead, especially when the symbol level resource reservation is considered. 

	Qualcomm [8]
	Proposal 3: For finer granularity resource reservation for NB-IoT in Rel-16, down-select between the following two options:
· Option 1: Independent configuration from legacy subframe level resource reservation
· Option 2: Consider only invalid subframes from legacy subframe level resource reservation

	ZTE [6]
	Proposal 2: For NB-IoT slot-level or symbol level resource reservation, the resource in an invalid subframe indicated by legacy downlink bitmap can be configured as the reserved resource.
­	NB-IoT slot-level/symbol-level resource reservation can be configured regardless of the legacy invalid subframe configuration. 
­	In a given non-anchor carrier, the resources not reserved by NB-IoT slot-level/symbol-level resource reservation can be used by Rel-16 NB-IoT UEs.

	Huawei, HiSilicon [4]
	Proposal 6: The resource in both valid subframe and invalid subframe can be configured as the reserved resource.



It is suggested to discuss and select one of the options. Based on the support of an independent configuration between the Rel-16 slot/symbol-level reservation and legacy valid/invalid subframe, the following can be considered:
Potential Agreement #2:
For finer granularity resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

In consideration of the backward compatibility, the following two proposals have been made. It has not been specified whether the resource reservation applies to paging, RACH or unicast on non-anchor carriers. From backward compatibility point of view, drop or postpone NPDSCH carrying e.g. paging message is not feasible since legacy UEs do not know the reserved resources but legacy UEs would still need to receive the NPDSCH carrying the paging message. Thus, it is preferred to drop or postpone only for unicast transmission.

	Huawei, HiSilicon [4]
	Proposal 1: For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
Proposal 2: For unicast, NPUSCH scrambled by C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.



Potential Agreement #3:
For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
Potential Agreement #4:
For unicast, NPUSCH scrambled by C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

For the handling of dropped resources for symbol and slot-level reservation, two companies propose that the dropped resources are punctured.
Potential Agreement #5:
For slot-level and symbol(s)-level reserved resource, NB-IoT transmission is punctured whenever it is dropped.

UL resource reservation
It was agreed to support FDD UL resource reservation with subframe-level granularity, while slot-level and symbol-level was FFS. Companies’ views are summarized below.

Support of slot/symbol-level granularity is based on the fact that the overlap issue between NR and NB-IoT may also happen in uplink. For example, NB-IoT uplink transmission overlaps with NR SRS. Note that NR SRS can be transmitted in any of the last 6 symbols in a subframe. If this subframe is configured as the reserved resource, then the symbols that do not overlap with NR SRS are wasted.

	Ericsson [3]
	Proposal 1: Introduce UL valid/invalid subframe configuration for NB-IoT FDD to increase the coexistence flexibility.
Proposal 2: No finer resource reservation granularity than the subframe-level is needed in uplink.

	Huawei, HiSilicon [4]
	Proposal 3: UL resource reservation is supported with slot-level and symbol(s)-level granularity. FFS the detailed configuration for slot-level and symbol(s)-level granularity.

	Nokia [5]
	Proposal 1: Support UL resource reservation with slot-level and symbol(s)-level granularity in addition to subframe-level granularity.



[bookmark: _Hlk17325830]Based on the expressed views, we can consider agreeing to 
Potential Agreement #6:
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.

Reserved resource configuration and signaling
Another aspect of the resource reservation is whether the configuration applies to all non-anchor carriers or per carrier. Since carrier placement is crucial to determining overlap with NR, it is important to be able to reserve resource per carrier.
	ZTE [6]
	Proposal 4: NB-IoT DL resource reservation is configured per NB-IoT DL non-anchor carrier.

	Nokia [5]
	Proposal 2: NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.



Potential Agreement #7: 
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.


Proposals regarding the signaling are summarized below.
	Ericsson [3]
	Proposal 3	If a new DCI bit is introduced, it can be used to make some or all of the Rel-13 invalid subframes valid for the duration of the scheduled NPDSCH/NPUSCH transmission.
Proposal 5	A bitmap-based scheme is used for reserving NB-IoT resources.

	Huawei, HiSilicon [4]
	[bookmark: _Hlk21838301]Proposal 4: For subframe-level resource reservation in FDD UL, the configuration signalling is 10bits or 40bits bitmap.
Proposal 5: The reserved resource in NB-IoT non-anchor carrier is configured by UE-specific RRC signaling.
Proposal 7: For symbol(s)-level resource reservation in downlink, the configuration signaling is a 10bits bitmap where each bit corresponds to one symbol which is not the NRS symbol, i.e. 10 bits for a subframe.
•	Which subframe(s) the bitmap applies to are indicated by one start position, one periodicity, and one duration.
Proposal 8: For slot-level resource reservation in downlink, the configuration signaling is a 10 bits bitmap where each bit corresponds to one slot, i.e. 10 bits for a half frame.
•	Which half frame(s) the bitmap applies are indicated by one start position, one periodicity, and one duration.
Proposal 9: DCI can further indicate that the reserved resources can be used for NB-IoT transmission.

	ZTE [5]
	Proposal 1: For NB-IoT DL time-domain resources reservation with slot-level or symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.
-	The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.
Proposal 3: For NB-IoT resource reservation, dynamical activation or dynamic rewriting the semi-statically configured reserved resource is supported.
Proposal 5: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate puncturing/interference information to NB-IoT UEs.

	Nokia [6]
	Proposal 3: NB-IoT reserved resource configuration is given per NB-IoT carrier using subframe-level, slot-level, or symbol(s)-level bitmap in the time-domain.
Proposal 4: The eNB can dynamically override the reserved resource via DCI under certain conditions.

	Qualcomm [8]
	Proposal 2: For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled NB-IoT transmission



It seems that all companies consider a bitmap scheme to configure the reserved resources and a DCI signaling to dynamically indicate which resources are reserved. It is suggested to further discuss the following agreements:

Potential Agreement #8:
The NB-IoT reserved resource configuration uses a subframe-level, slot-level, or symbol(s)-level bitmap in the time domain.

Potential Agreement #9:
For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled NB-IoT transmission


In addition, further details can be discussed: 

Potential Agreement (a):
For symbol(s)-level resource reservation in downlink, the configuration signaling is a 10bits bitmap where each bit corresponds to one symbol which is not the NRS symbol, i.e. 10 bits for a subframe.
•	Which subframe(s) the bitmap applies to are indicated by one start position, one periodicity, and one duration.

[bookmark: _GoBack]Potential Agreement (b): 
For slot-level resource reservation in downlink, the configuration signaling is a 10 bits bitmap where each bit corresponds to one slot, i.e. 10 bits for a half frame.
•	Which half frame(s) the bitmap applies are indicated by one start position, one periodicity, and one duration.



Enhancements to NPSS and NSSS designs
One company discusses enhancements to NPSS and NSSS.
	CEWit [3]
	Observation 1: The first 3 symbols of NPSS, and NSSS subframes are left unused even in guard band, and standalone deployment modes also. 
Observation 2: It is beneficial to use first 3 symbols for synchronization signals to improve the detection performance of UE. 
Proposal 1: Consider NB-IoT guard band or standalone mode as base line for coexisting with NR. 
Proposal 2: Study the benefits of the enhancements to the NPSS, and NSSS designs in Rel-16 NB-IoT which can use all 14 symbols in the subframe. 
Proposal 3: The enhancements to NPSS/NSSS designs should not impact the detection performance of legacy UEs.



At this late stage of the WI, it is suggested to consider such enhancements in the next Release. Companies are encouraged to further study these proposals.
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