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At RAN#84, the objective of the Rel-16 WID on additional enhancements for NB-IoT on coexistence of Rel-16 NB-IoT with NR was updated [1] according to the RAN1 LS to RAN [2]. The revised objective reads as follows:
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].

The RAN1 LS to RAN includes the following:
It is RAN1 recommendation to introduce DL/UL resource reservation in NB-IoT for at least FDD/TDD NB-IoT non-anchor carriers to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier. 
Resource reservation in FDD/TDD NB-IoT considers the following aspects:
· subframe/slot/symbol level granularity 
· dropped/postponed resources associated to a certain granularity 
· semi-static configuration is recommended. FFS: dynamic DCI signaling
· UL valid/invalid subframe configurations for FDD NB-IoT

In this meeting, there are six contributions [3]-[7] discussing the coexistence of NB-IoT with NR. This contribution summarizes companies’ views and provides potential agreements.  

Resource reservation in NB-IoT
In the revised WID it was agreed to specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers. The reason for supporting NB-IoT resource reservation only for non-anchor carrier is that the anchor carrier resources occupied by NPSS/NSSS/NPBCH/NRS cannot be reserved because this would severely impact the performance. Support for non-anchor carriers only has been mostly a consensus in all past RAN1 discussion in consideration that it is unlikely to be able to reserve resources for NB-IoT anchor carriers. There is one proposal in this meeting [3] to agree that NB-IoT resource reservation is specified only for non-anchor carriers.  
	Ericsson [3]
	Proposal 1: NB-IoT resource reservation is specified only for non-anchor NB-IoT carriers.

	Nokia [6]
	Proposal 2: In frequency domain, NB-IoT reserved resource can be per NB-IoT carrier. FFS whether resource reservation can be used for both anchor and non-anchor carriers.




Potential Agreement #1:
Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers. 

The discussions on coexistence of NB-IoT and NR in this WI has been about introducing mechanisms in NB-IoT in order to improve performance when NB-IoT is deployed in the same carrier as NR. In addition to mechanisms in NB-IoT, it is proposed that RAN1 further investigates improvements in NR [7]. This is further discussed in Sec.7 of this summary. 

DL/UL resource reservation
When NB-IoT is deployed in the same carrier as NR, either in UL or DL, resource overlap can happen. Hence it is beneficial to introduce resource reservation in both links. Some companies have discussed and proposed to explicitly agree that resource reservation is supported in UL. Other companies, although not having a proposal on this, seem to assume both UL/DL resource reservation. It is noted that the objective in the WID states “at least in DL”, and the conclusion in RAN1#97 is to recommend “to introduce DL/UL resource reservation in NB-IoT”.
According to the current specifications, the subframe level resource reservation is supported for FDD NB-IoT downlink and TDD NB-IoT. One company [8] proposes to support valid UL subframe configuration also for FDD NB-IoT for coexistence with NR. One company [6] proposes to further discuss whether to introduce UL subframe bitmap or to use the reserve resource in uplink. Since this is a Rel-16 feature, there would be no backward compatibility issue.

	Ericsson [3]
	Observation 2	Collision between NR and NB-IoT uplink transmissions can be avoided in frequency and/or time domain by the scheduler.  
Observation 3	In TDD, invalid UL NB-IoT subframe configuration can also be exploited to avoid collision between NR and NB-IoT.
Proposal 3 Introduce UL valid/invalid subframe configuration can be introduced for NB-IoT FDD to increase the coexistence flexibility.

	Huawei, HiSilicon [4]
	Proposal 1: Support uplink resource reservation in Rel-16 NB-IoT.

	Nokia [6]
	Proposal 6: For FDD, FFS whether to introduce valid subframe bitmap or reserved resource in UL.

	Qualcomm [8]
	Proposal 1: Support valid UL subframe configuration also for FDD NB-IoT for coexistence with NR
Proposal 3: Finer granularity resource reservation for NB-IoT is also supported in the uplink



[bookmark: _Hlk17325830]It is the feature lead recommendation to consider the following:
Potential Agreement #2:
UL resource reservation for NB-IoT is supported.
Granularity of reserved resources
One of the aspects to consider for the introduction of reserved resources is the granularity. In RAN1 it was agreed to consider “subframe/slot/symbol level granularity”. The table below summarizes the proposals in this meeting. All companies that discussed this aspect (although they may not have a proposal on granularity) consider both symbol-level and slot-level resource reservation besides the subframe-level granularity. 

	Ericsson [3]
	Observation 1: For improved coexistence with NR with 15 kHz SCS, the performance improvement of NB-IoT by adopting slot-level or symbol-level (instead of subframe-level) resource reservation depends on the CORESET and SSB configurations, number of non-anchor carriers, and the position of NB-IoT anchor and non-anchor carriers inside NR.
Proposal 2:	For improved coexistence with NR with 15 kHz SCS, specifically considering the time domain patterns of NR CORESET, SSB, and PDSCH DMRS, which are present within few symbols of a subframe, introduce symbol-level NB-IoT resource reservation to improve the NR/NB-IoT coexistence.

	Huawei, HiSilicon [4]
	Proposal 3: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be dropped if the reserved resource granularity is symbol-level.
Proposal 4: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be postponed if the reserved resource granularity is subframe-level.

	ZTE [5]
	Proposal 1: When NB-IoT is deployed within an NR carrier, slot-level resource reservation in non-anchor NB-IoT carriers can be semi-statically configured.

	Nokia [6]
	[bookmark: _Hlk16771624]Proposal 1: In time domain, NB-IoT reserved resource can be subframe-level, slot-level, or symbol-level.

	Qualcomm [8]
	Proposal 3: Finer granularity resource reservation for NB-IoT is also supported in the uplink.



It is the feature lead recommendation to discuss and agree to the following:
Potential Agreement #3:
UL/DL resource reservation is supported with subframe-level, slot-level and symbol-level granularity.

Reserved resource configuration
In RAN1#97 it was concluded that “semi-static configuration is recommended. FFS: dynamic DCI signaling”. Two companies [5] [6] propose semi-static configuration. One company [4] proposes UE specific configuration. One company [8] proposes to decide whether to restrict resource reservation to invalid subframes.  Two companies [3] [6] consider the bitmap for the configuration. Companies’ proposals are summarized below.

	Ericsson [3]
	Observation 7	One way to indicate NB-IoT resource reservation is via bitmap which is already used for invalid/valid subframes.
Observation 8	The bitmap length for reserving NB-IoT time-domain resources depends on the granularity of resource reservation as well as the number of subframes (e.g., one or four) in which the resources are reserved.
Observation 9	To support granularity of one OFDM symbol within one subframe a bitmap parameter of length 140 bits will be required (for one-level bitmap). To slot-level resource reservation within one subframe, the bitmap length should be 20 bits.
Observation 10	A two-level bitmap scheme can be considered for reserving NB-IoT resources.
Proposal 5	If bitmap-based mechanism is used, determine the granularity of NB-IoT resource reservation based on the maximum allowable bitmap length in NB-IoT.

	Huawei, HiSilicon [4]
	Proposal 2: The reserved resource in NB-IoT non-anchor carrier is UE-specifically configured by higher layer signaling. FFS the detailed configuration.
Proposal 5: DCI can further indicate that the reserved resources can be used for NB-IoT transmission.

	ZTE [5]
	Proposal 1: When NB-IoT is deployed within an NR carrier, slot-level resource reservation in non-anchor NB-IoT carriers can be semi-statically configured.

	Nokia [6]
	Proposal 3: NB-IoT reserved resource is semi-statically configured. It is for FFS whether the eNB can dynamically override the reserved resource via DCI.
Proposal 4: NB-IoT reserved resource configuration is given per NB-IoT carrier using subframe-level, slot-level, or symbol-level bitmap in the time-domain.
Observation 1: Invalid DL subframe bitmap can be used by legacy UEs to avoid NB-IoT reserved resource.
Proposal 6: For FDD, FFS whether to introduce valid subframe bitmap or reserved resource in UL.

	Qualcomm [8]
	Proposal 2: 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
Proposal 4: For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled NB-IoT transmission.



It is the feature lead recommendation to consider the following agreement

Potential Agreement #4:
The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by UE-specific 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


Continuing the discussion on the above two FFS parts.
The first FFS is about which resources can be reserved. In [8] it is proposed that for finer (than subframe) 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

On the second FFS about signaling, two companies [4] [8] propose to use the reserved resource for scheduled NB-IoT transmission based on the indication in DCI. One company [6] proposes to further study the dynamic resource reservation. One company [5] proposes to use DCI to indicate puncturing/interference information to NB-IoT UEs. It is suggested to further discuss the following agreement:

Potential Agreement #5:
· For unicast transmission, the scheduled NB-IoT transmission can use the reserved resources based on the indication in DCI.

Type of reserved resources
Companies discussed whether the reserved resourced should be postponed or dropped. Some companies think that the type of resources depend on the granularity. Specifically, [4] proposes to postpone resources at the sub frame-level, and drop resources at the symbol-level; [5] proposes to drop resources at the slot-level; [8] proposes to postpone resources at the slot-level, and drop resources at the symbol-level; [3] proposes to drop resource at finer (than subframe) granularity. 
	Ericsson [3]
	Proposal 6	NB-IoT transmissions in the new finer-granularity reserved resources are dropped (i.e., not postponed) without rate matching. 

	Huawei, HiSilicon [4]
	Proposal 3: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be dropped if the reserved resource granularity is symbol-level.
Proposal 4: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be postponed if the reserved resource granularity is subframe-level.

	ZTE [5]
	Proposal 2: NB-IoT Transmissions in the reserved slot-level resources are dropped.

	Nokia [6]
	Proposal 5: NB-IoT transmission can be dropped in reserved resource.

	Qualcomm [8]
	Proposal 5: NB-IoT transmission is postponed for the slot-level reserved resources 



It is the feature lead recommendation to consider the following agreement, and further discuss whether to postpone or drop resources for slot-level reservation. 
Potential Agreement #6: 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 frame-level reserved resources.

Coexistence of NR with NB-IoT
NB-IoT/NR coexistence can be also improved from the NR side [7]. This will improve performance for legacy and Rel-16 NB-IoT UEs since some NB-IoT signaling is transmitted in fixed or configured locations and will collide with NR resources. In [7] it is discussed that the current mechanisms introduced in NR Rel-15 for coexistence of NR with LTE need to be optimized for coexistence of NR with NB-IoT.  Observations and proposal from [7] are summarized below.
It is suggested to further discuss during the online session.
	Samsung [7]
	Observation 1: For NR coexist with LTE NB-IoT, the NB-IoT always-on signals, including NB-PSS, NB-SSS, NB-PBCH, MIB-NB, SIB1-NB and NRS, need to be handled at NR side. 
Observation 2: The granularity of ZP-CSI-RS configuration in frequency domain is much larger than NB-IoT carrier. Reusing ZP-CSI-RSI configuration for NRS resource reservation will introduce overhead on the RBs not deployed with NB-IoT carrier.
Observation 3: Legacy RE patterns of ZP-CSI-RS cannot perfectly match the NRS RE position within LTE subframe. If single legacy ZP-CSI-RS pattern is reused for NRS resource reservation, 10%~15% additional overhead will be introduced on the RB deployed with NB-IoT carrier.
Observation 4: Configuring the combination of multiple ZP-CSI-RS patterns within same slot for NRS reservation will either impact the flexibility of CSI-RS configuration in NR system, or introduce potential overhead.
Observation 5: Reusing ZP-CSI-RS configuration to reserve resources occupied by NRS might impact NR UE measurement and reception on DL channels/signals other than PDSCH.
Observation 6: Current NR and NB-IoT coexistence does not support RE level reservation for NRS.  It either waste DL efficiency or have performance impact on NR UE. 
Proposal: Send LS to RAN plenary to suggest to further improve resource reservation for NB-IoT system in NR.
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