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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.




RAN1#99 (so far)
	Agreement
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.

Agreement
· For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped. (for 15kHz)
· For symbol-level reservation in UL NB-IoT, DMRS symbols can be reserved

Agreement
Reserved resource configuration is configured by cell-specific higher-layer signalling.





Configuration

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

If only subframe level granularity:
1. A bitmap with length 10 bits is used for indicating reserved subframes
a. It is configured per non-anchor carrier, and it can be different from the anchor-carrier

If finer granularity:
Option 1
1. A bitmap with length 20 bits, each subframe has 2 bits per subframe
00 both slots can be used if the subframe level bitmap is not configured
01 2nd slot reserved
10 1st slot reserved
11 indicates another bitmap of 10 bits for symbol-level granularity

Option 2
2. A bitmap with length 20 bits, each bit indicates if a slot is reserved
a. If the bit =0, the slot is not reserved
b. If the bit =1, 
i. If the second bitmap of 5 symbols is configured, symbol-level granularity
ii. If the second bitmap is not configured, slot-level granularity

Option 3
3. A bitmap with length 20 bits, each subframe has 2 bits per subframe
00: both slots can be used
11: both slots are reserved
01 and 10: the slot with value ‘0’ is not reserved, and for the reserved slot with a value ‘1’
· If the second bitmap of 10 symbols is configured, symbol-level granularity
· The first 5 symbols used for the first slot and the second 5 symbols used for the second slot 
· If the second bitmap of 10 symbols is not configured, slot-level granularity

Option 4
4. A bitmap with length 20 bits, each subframe has 2 bits per subframe
00 both slots can be used 
01 2nd slot reserved (if a second bitmap is configured, it is for symbol-level granularity)
10 1st slot reserved (if a second bitmap is configured, it is for symbol-level granularity)
11 both slots are reserved


For periodicities other than 10ms,
Option A
The reserved resource is configured by one periodicity, one start position (i.e. offset). The duration is 10ms. In each duration, the bitmap(s) of the 10ms solution is used to indicate symbol/slot/subframe reserved resources.
· The periodicity T is {10ms, 20ms, 40ms, 80ms}
· The start position is indicated 
· 1 bit for 20ms
· 2 bits for 40ms
· 3 bits for 80ms 

Option B
The length of the bitmap scales with the periodicity, e.g.
· Subframe level bitmap is 20 bits for 10ms periodicity, and 160 bits for 80ms.



Note: 
· [bookmark: _GoBack]It needs to be defined a similar bitmap solution for the uplink with 15 kHz SCS. 
· The subframe level bitmap of 10 bits needs to be defined for FDD uplink.
· For FDD uplink, a bitmap with length 10 bits is used for indicating reserved subframes.



DCI signaling
From Chairman’s notes - For further discussion 
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
· Different indication for uplink and downlink
 

Potential Agreement: 
For unicast transmission, dynamic DCI signalling can be used to indicate
· a subframe is reserved
· a subframe is not reserved
· change granularity from subframe level to finer granularity
· change a subframe from reserved in the downlink to reserved in the uplink 
· resource reservation for NPDSCH and NPUSCH format 2 (since DCI can schedule NPDSCH and NPUSCH format 2, and the collision of NPDSCH and NPUSCH format 2 with NR can be different)
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