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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 and #98bis 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.





RAN1#98bis
	Agreement
NB-IoT symbols that carry NRS are not reserved

Agreement
For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
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.
· Dropped means punctured

Agreement
For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

Agreement
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.
· FFS: whether the DMRS symbols can be configured as reserved resources

Agreement
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.

[bookmark: _Hlk24704473]Agreement
· For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission.




Configuration
Proposals regarding the configuration of reserved resources are summarized below.
	Ericsson [3]
	Observation 1	A bitmap-based time-domain resource reservation can provide flexibility with reasonable overhead.
Proposal 1	A bitmap with length 20 bits or 80 bits is used for indicating reserved symbols and slots within 10 ms or 40 ms periodicity.
Proposal 2	The periodicity of resource reservation (10 ms or 40 ms) and whether it applies to symbol-level or slot-level are configurable.
Proposal 3	Four possible patterns of reserved symbols/slots within each subframe are supported:
a.	Two patterns (out of four possible patterns) are used to indicate valid subframe and invalid subframe.
b.	For slot-level, the other two patterns indicate whether the first slot or the second slot is reserved
c.	For symbol-level, the other two patterns are configurable.

	Huawei, HiSilicon [4]
	Proposal 2: The reserved resource is configured by one periodicity, one start position (i.e. offset), and one duration.
	In the duration, a bitmap is used to indicate whether a symbol/slot/subframe is configured as the reserved resource or not.
	Each bit in the bitmap is configured corresponding to a 15kHz symbol for symbol(s)-level granularity or a 0.5ms slot for slot-level granularity or a subframe for subframe-level granularity.
Proposal 3: The periodicity T is {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}, the start position is α×T, α is {0, 1/5, 2/5, 4/5}, the duration is {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}.
Proposal 4: For symbol-level reserve resource configuration, the bitmap is 10bits for downlink and 14bits for uplink.
Proposal 5: For slot-level reserve resource configuration, the bitmap is 10bits for both downlink and uplink.
Proposal 6: For subframe-level reserve resource configuration, the bitmap is 10bits or 40bits for uplink.

	Nokia [5]
	Proposal 1: NB-IoT reserved resource configuration is given using a bitmap-based scheme.
Proposal 2: NB-IoT reserved resource configuration is given using two-level bitmap – the first bitmap (10 or 40 bits) indicates the reserved subframes and the second bitmap indicates the reserved symbols or slot within the subframes.

	ZTE [6]
	Proposal 1: For DL NB-IoT time-domain resources reservation with slot-level granularity, fixed length bitmap(s) can be configured for the first four DL NB-IoT slots within a NR SSB periodicity.
-	The bitmap length is 4.
-	The NR SSB periodicity is signalled to the NB-IoT UEs by RRC signalling.
Proposal 2: For NB-IoT DL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.
-	The bitmap length is 10.
-	The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.
Proposal 5: For NB-IoT UL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.
· For UL with 15 kHz SCS, the bitmap length is 12 bits for every two slots.
· The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.

	Futurewei [7]
	Proposal 1: Bitmap based method is used for subframe-level, slot-level, or symbol(s)-level NB-IoT reserved resource configuration.  
-	Value 0 in the bitmap indicates that the corresponding subframe/slot/symbol is invalid for transmission. Value 1 in the bitmap indicates that the corresponding subframe/slot/symbol is valid for transmission.
Proposal 2: For slot-level resource reservation, the configuration signaling is 20 bits bitmap where each bit corresponds to one slot in a frame.
Proposal 3: For symbol-level resource reservation, the configuration signaling includes 10 bits to indicate the subframe and x bits to indicate a reservation pattern for symbols in a subframe, x is FFS.

	Qualcomm [8]
	Proposal 3: For resource reservation for NB-IoT in Rel-16, the configuration includes:
•	A first bitmap of symbol or slot level granularity spanning one subframe with up to 10 bits
•	An optional second bitmap of time domain pattern with up to 40 bits where each bit corresponds to a subframe and a bit value equal to 1 indicates the symbol/slot level bitmap is present in the subframe



The following applies for periodicity of 10ms. The bitmap sizes will be scaled for all other supported periodicities.

[bookmark: _Hlk24925138]Potential Agreement #2:

For resource reservation for NB-IoT in Rel-16, the downlink configuration includes:

Option1:
[bookmark: _Hlk24662383]A bitmap with length 10 bits is used for indicating reserved subframes.
For slot level, a second bitmap of 2 bits indicates the reserved slots
For symbol level, a second bitmap of 10 bits indicates the reserved symbols


Option2:
The reserved resource is configured by one periodicity, one start position (i.e. offset), and one duration.
In the duration, a bitmap is used to indicate whether a symbol/slot/subframe is configured as the reserved resource or not.


Option3:
A bitmap with length 20 bits is used for indicating reserved symbols and slots.
Two patterns (out of four possible patterns) are used to indicate valid subframe and invalid subframe.
For slot-level, the other two patterns indicate whether the first slot or the second slot is reserved
For symbol-level, the other two patterns are configurable.



Potential Agreement #3:
For resource reservation for NB-IoT in Rel-16, the uplink configuration includes:
· first bitmap of 10 bits or 40 bits indicate the reserved subframes;
· [bookmark: _Hlk24925552]second bitmap of [10 or 12 or 14] bits indicates the reserved symbols (in the reserved subframes) if symbol-level reservation is used, assuming 15kHz SCS
· second bitmap 2 bits indicates the reserved slots (in the reserved subframes) if slot-level reservation is used, assuming 15kHz SCS 
Note: the number of bits depends on the agreement# 6 on whether the DMRS symbols can be reserved or not.

DCI signaling
	Ericsson [3]
	Proposal 4	The DCI 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 1-bit DCI field indicates whether the Rel-13 valid subframe bitmap or the Rel-16 reserved resource configuration should apply.
Proposal 6	If no Rel-16 reserved resource configuration is signaled in SIB, then the DCI bit can be used to select between the Rel-13 valid subframe bitmap and continuous transmission (which can be expressed as if the default value of the Rel-16 reserved resource configuration is ‘empty’ or ‘continuous transmission’).

	Huawei, HiSilicon [4]
	Proposal 8: In DCI N1, one bit indicates whether the DL reserved resources are used for scheduled NPDSCH transmission, and another bit indicates whether the UL reserved resources are used for scheduled NPUSCH format 2 transmission.
Proposal 9: In DCI N0, one bit indicates whether the UL reserved resources are used for scheduled NPUSCH format 1 transmission.

	ZTE [6]
	Proposal 6: For unicast NB-IoT transmission scheduled by DCI, 2 bits in the DCI are used to dynamically override the resource reservation during the transmission period for the following cases:
•	The reserved resources cannot be used by the unicast transmission.
•	The reserved resources during the first half part can be used by the unicast transmission.
•	The reserved resources during the second half part can be used by the unicast transmission.
•	The reserved resources can be used by the unicast transmission.
Proposal 7: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate puncturing/interference information to NB-IoT UEs.

	Futurewei [7]
	Proposal 4: The eNB can indicate resource reservation in DCI. The field in the DCI is 2 bits.

	Qualcomm [8]
	Proposal 2: For unicast transmission, dynamic DCI signalling can be used to indicate a switch between the legacy subframe level resource reservation and finer granularity reserved resources for the scheduled NB-IoT transmission



Proposals consider the possibility to indicate/override a different granularity than the one indicated by a first bitmap, indication for UL/DL, etc. The benefit of the DCI signaling is the fast scheduling adaptation by the network, for example to support dynamic TDD in NR, and generally to support a more dynamic resource multiplexing of NR and NB-IoT in some subframes. The eNB should have the possibility to use the semi-static and dynamic signaling as it desires depending on different use cases which may or may not be related to the load of the NR system.  
In the attempt to summarize the various proposals, it is suggested to discuss the following functionalities of the dynamic signaling:  
· Indication that a subframe configured with a certain slot/symbol-level granularity for resource reservation can be used for NB-IoT transmission
· Indication that a subframe configured with subframe granularity can be used with finer granularity for NB-IoT transmission
· Indication to change the slot/symbol-level resource reservation depending on the NR scheduling to accommodate e.g. TDD dynamic scheduling (for example NB-IoT symbols originally reserved in DL can be used because NR transmission is switched from DL to UL in such symbols
· Indication that DMRS symbols are reserved 
· Indication that DMRS symbols are not reserved
 
Resource reservation
NPUSCH transmission

In RAN1#98bis it was agreed the following:

Agreement (RAN1#98bis)
For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

It was also agreed in RAN1#98 that the reserved slot/symbols level resources are dropped.

Proposal for slot/symbol-level at this meeting are summarized below.

	Qualcomm [8]
	For unicast, at least for NPUSCH scrambled by C-RNTI and SPS-C-RNTI and NPUSCH format 2 carrying HARQ-ACK with >1, transmission on the reserved resources are dropped for symbol and slot-level reserved resources

	Huawei, HiSilicon [4]
	Proposal 1: For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is dropped for symbol-level and slot-level reserved resources.
-	Dropped means punctured.


[bookmark: _Hlk17325830]
It is suggested to briefly discuss the NPUSCH format 2 part of the agreement and consider at least the following:
Potential Agreement #5:
For unicast, NPUSCH scrambled by C-RNTI and SPS-C-RNTI that would fall into the reserved resource is dropped for symbol and slot-level reserved resources.
[bookmark: _Hlk24652115]DMRS transmission
In a RAN1#98bis agreement, there is an FFS related to whether the DMRS symbols can be configured as reserved resources. 

	Huawei, HiSilicon [4]
	Proposal 7: For symbol-level reserve resource, UE shall transmit DMRS and NPUSCH in DMRS symbols if DMRS symbols are configured as the reserved resources.

	Nokia [5]
	Proposal 4: Symbols containing DMRS may be reserved.

	Ericsson [3]
	Observation 2	For NPUSCH Format 1 reserving DMRS can have a significant impact on channel estimation.
Proposal 7	It is up to the network whether to reserve DMRS based on the NPUSCH Format, the number of transmission subframes, and the number of subframes affected by reserving DMRS.

	ZTE [6]
	Proposal 3: For symbol-level resource reservation in UL NB-IoT, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. 
Proposal 4: For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped.



One company proposed not to reserve DMRS symbols, one company proposes to reserve, one company proposes to reserve or not depending if slot/symbol-level resource reservation is used, one company proposes it is configurable. It is suggested to discuss further.

Potential Agreement #6:
For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped.
For symbol-level reservation in UL NB-IoT, select one from the followings:
· Option 1: DMRS symbols cannot be reserved
· Option 2: DMRS symbols can be reserved
· Option 3: it is configurable whether DMRS symbols can be reserved 
· Option 4: DMRS symbol can be reserved only when all other symbols in corresponding slot are reserved.

Cell-specific resource reservation

	Nokia [5]
	Proposal 3: Reserved resource configuration is configured by cell-specific higher-layer signaling. 



It is suggested to further discuss. 
Potential agreement #7
· Reserved resource configuration is configured by cell-specific higher-layer signalling.

Other
	Ericsson [3]
	Proposal 9	Support resource reservation feature for all NB-IoT operation modes.
Proposal 10	Support the 40ms periodicity for NB-IoT resource reservation in guardband operation mode.

	ZTE [6]
	Observation 1: semi-statically configured resource reservation cannot resolve the collision caused by URLLC service.



[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref387394383][bookmark: _Ref457225889]RP-192313	WID revision: Additional enhancements for NB-IoT, Futurewei, RAN#85
[2] R1-1909689	RAN1 agreements for Rel-16 Additional Enhancements for NB-IoT	Futurewei, RAN1#98
[3] R1-1911840	Coexistence of NB-IoT with NR	Ericsson
[4] R1-1911909	Performance enhancements for NB-IoT coexistence with NR	Huawei, HiSilicon	
[5] R1-1911990	Coexistence of NB-IoT with NR	Nokia, Nokia Shanghai Bell	
[6] R1-1912419	Resource reservation for coexistence of NB-IoT with NR	ZTE
[7] R1-1912629	Resource reservation for NB-IoT	Futurewei
[8] R1-1912687	Coexistence of NB-IoT with NR	Qualcomm	




