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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper discusses the necessary corrections for the coexistence of NB-IoT and NR based on the latest Rel-16 spec. And our views for the incoming LS R1-2001518 [1] is given.
Remaining issues
· Issue-1: DMRS
For a subframe that is fully reserved, the NPUSCH transmission is postponed. The corresponding DMRS should also be postponed together with NPUSCH. However, in current spec as copied below, it seems that the DMRS transmission in this fully reserved subframe is dropped as that in a fully reserved slot the DMRS is dropped no matter the subframe is fully reserved or not. Thus based on the current spec, NPUSCH will be postponed but the corresponding DMRS is dropped which is not correct. 
For the symbol-level resource reservation, when the DMRS transmission with 3.75kHz SCS overlaps with a reserved symbol with 15kHz SCS, it is not clear that whether the whole DMRS or only the overlapped part of DMRS is dropped or not. For simplicity, we prefer to drop the whole 3.75kHz DMRS if collided with a reserved symbol with 15kHz SCS. 
As the slot-level resource reservation is also a partially reserved resource, the case of first bullet can be covered by the second bullet, then the first bullet is not needed to make the spec concise.
	If higher layer parameter valid-subframe-config-UL or slot-reserved-resource-config-UL is configured, then in case of NPUSCH transmission format 1 associated with C-RNTI or SPS C-RNTI using UE-specific NPDCCH search space and the Resource reservation field in the DCI is set to 1, or in case of NPUSCH format 2 transmission associated with C-RNTI using UE-specific NPDCCH search space,
-	In a slot that is fully reserved, the demodulation reference signal transmission is dropped.
-	In a SC-FDMA symbol that is reserved, the demodulation reference signal transmission is dropped.



Proposal 1: In a subframe that is partially reserved, the demodulation reference signal transmission in a SC-FDMA symbol overlapping with the reserved symbols is dropped, and adopt the TP in Annex A.

· Issue-2: NRS presence
If a subframe is not fully reserved, e.g. the first slot is reserved but the second slot is not reserved, then it will be considered as a NB-IoT DL subframe so that the second slot in this subframe can be used for NPDSCH/NPDCCH transmission, while the NPDSCH/NPDCCH in the first slot will be dropped. However, based on the current NRS assumptions, the NRS will be transmitted in the two slots in such a subframe because it is a NB-IoT DL subframe according to the NB-IoT definition for resource reservation. Thus the NRS in the first slot is transmitted but the NPDCCH/NPDSCH in the first slot is dropped which is not correct. As the reserved slot is mainly used for NR transmission so it is preferred to not transmit NRS in this reserved slot to avoid the interference with NR signals.
Proposal 2: For slot-level resource reservation, if only one slot within a subframe is reserved, NRS is not transmitted in the reserved slot, adopt the TP in Annex B.

· Issue-3: Resource reservation for TDD special subframe
The symbol-level resource reservation in TDD special subframe was discussed in last meeting but no conclusion was achieved due to the issue of NRS locations. For special subframe configuration 1, 2, 6, 7, the NRS locations in these special subframe is the same as normal subframe. So the issue of NRS locations does not exist for these special subframes, thus these special subframes can support symbol-level resource reservation.
Proposal 3: Support symbol-level resource reservation for special subframe configuration {1, 2, 6, 7}.
For the other special subframe configurations, since the NRS is located in the 3rd symbol and 4th symbol of a slot that is different from normal DL subframe, so two options were discussed below about the symbol-level resource reservation for these special subframe configurations in last meeting. Note that the symbol level bitmap is only 5 bits, these bitmaps apply to {1st symbol, 2nd symbol, 3rd symbol, 4th symbol and 5th symbol} of a slot in normal DL subframe due to NRS is located in the last two symbols of the slot.
· Option 1: Do not support symbol-level resource reservation for these special subframes
· Option 2: Support symbol-level resource reservation for these special subframes
For option 1, the TP can be found in Annex C. For option 2, in special subframe that the NRS is located in {3rd symbol, 4th symbol}, then the 5-bit symbol-level resource reservation applies to the {1st, 2nd, 5th, 6th, 7th} symbols. Compared with option 1, option 2 can provide more flexibility and can make the coexistence of NB-IoT and NR more efficient.
Proposal 4: RAN1 consider the following options for symbol-level resource reservation to special subframe configurations {3, 4, 8, 9, 10}
· Option 1: Do not support symbol-level resource reservation for these special subframes, and endorse the text proposal in Annex C.
· Option 2: Support symbol-level resource reservation for these special subframes.

Issue-4: SIB1 non-anchor carrier in TDD
In TDD NB-IoT, SIB1 can be transmitted in a non-anchor carrier. For the non-anchor carrier carrying SIB1-NB, the SIB1-NB subframe configured as not reserved will be considered as a NB-IoT DL subframe based on the NB-IoT DL subframe definition for resource reservation, thus the UE may use it for unicast transmission which is different from legacy behavior. So we propose to exclude SIB1-NB in this case.
Proposal 5: Adopt the TP in Annex D to exclude SIB1-NB for the NB-IoT DL subframe if resource reservation is configured.
Discussion on the LS
In the LS [1] below RAN2 asked 3 questions about the resource reservation parameters for potential optimization of the signaling. 
	Question 1: For NB-IoT, which, if any, resource reservation parameters for NR are likely to be the same across different carriers?

Question 1.1: If some resource reservation parameters for NR can be same across different NB-IoT carriers then can all the parameters be the same for all the NB-IoT carriers configured via dedicated signalling?

RAN2 also discussed other possibility for signalling optimisation and for this RAN2 has the following questions:

Question 2: For NB-IoT and eMTC, which, if any, parameters are likely to be the same for uplink and downlink?

To optimise signalling for mobility scenarios (i.e. during handover or resumption after cell reselection), it would be useful to know if resource reservation parameters for NR can be same across different cells on the same carrier frequency.

Question 3: For NB-IoT and eMTC, which, if any, parameters are likely to be the same in neighbour cells on the same carrier frequency?



For question 1 and question 1.1, it depends on the deployment of the NB-IoT carriers and NR. Resource reservation is mainly used to avoid the collision between NB-IoT transmission and NR signals/channels when NB-IoT is deployed within NR bandwidth. More specifically, e.g. when a NB-IoT non-anchor carrier is deployed within PRB of a NR SSB, the resource reservation can be used to avoid NB-IoT transmission with NR SSB. However, considering NR SSB may have different patterns for different purposes, e.g. initial access or measurement etc., then different resource reservation configurations are needed for NB-IoT carriers colliding with different NR SSBs. For example, all the parameters can be the same across different NB-IoT carriers if all these NB-IoT carriers are deployed within PRBs of NR SSB with the same pattern. However, if some of them are within NR SSB but others are not, then all the resource reservation parameters may not be the same across different NB-IoT carriers. 
More specifically, if period in NR SSB is sf40, then the period of resource reservation for NB-IoT carriers can be the same as 40 subframes if these NB-IoT carriers collides with the same NR SSB. However, if these NB-IoT carriers collide with SSB for other period, then there may be have another period of resource reservation. For the parameter startPosition, it is similar to the parameter period, as in NR the offset of SSB in the SSB period can also be configured differently. And in uplink, the collision with NR uplink e.g. NR URLLC may also different in different NB-IoT carriers. 
Thus from RAN1 perspective it should be allowed that all the resource reservation parameters can be different across different carriers to ensure the flexibility for network deployment.
Observation 1: The collision between NR e.g. SSBs and NB-IoT transmissions may or may not be the same across different non-anchor carriers.
For question 2, the configured grant transmission in NR is generally used for URLLC. So in uplink, the resource reservation can be used to avoid the collision between NB-IoT and NR CG transmissions, so that it will not impact URLLC traffic. Note that in Rel-15 NB-IoT, there is no valid/invalid subframe configuration in uplink. The use case for resource reservation in downlink and uplink may be different. 
Observation 2: The use case for resource reservation in downlink and uplink may be different.
For question 3, if the same SSB pattern is configured in neighbor cells in NR, then all the downlink resource reservation parameters are the same on the same carrier frequency. If it is not, then the parameters may different between different cells. So these observations should be considered when preparing the reply LS to RAN2. The detailed draft reply LS can be found in [2].
Proposal 6: Reply the LS considering different NB-IoT and NR deployments.

Conclusion
In this paper, we discuss the corrections for the coexistence of FDD/TDD NB-IoT and NR with following proposals and observations.
Proposal 1: In a subframe that is partially reserved, the demodulation reference signal transmission in a SC-FDMA symbol overlapping with the reserved symbols is dropped, and adopt the TP in Annex A.
Proposal 2: For slot-level resource reservation, if only one slot within a subframe is reserved, NRS is not transmitted in the reserved slot, adopt the TP in Annex B.
Proposal 3: Support symbol-level resource reservation for special subframe configuration {1, 2, 6, 7}.
Proposal 4: RAN1 consider the following options for symbol-level resource reservation to special subframe configurations {3, 4, 8, 9, 10}
· Option 1: Do not support symbol-level resource reservation for these special subframes, and endorse the text proposal in Annex C.
· Option 2: Support symbol-level resource reservation for these special subframes.

Proposal 5: Adopt the TP in Annex D to exclude SIB1-NB for the NB-IoT DL subframe if resource reservation is configured.
[bookmark: _GoBack]Proposal 6: Reply the LS considering different NB-IoT and NR deployments.
Observation 1: The collision between NR e.g. SSBs and NB-IoT transmissions may or may not be the same across different non-anchor carriers.
Observation 2: The use case for resource reservation in downlink and uplink may be different.
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Annex A
[bookmark: _Toc10818838][bookmark: _Toc20409248][bookmark: _Toc29387789][bookmark: _Toc29388818]-----------------------------------------------------Start of Text Proposal---------------------------------------------
[bookmark: _Toc454818177]10.1.4.2	Mapping to physical resources
Unchanged part is omitted
[bookmark: _Hlk34323866]If higher layer parameter valid-subframe-config-UL or slot-reserved-resource-config-UL is configured, then in case of NPUSCH transmission format 1 associated with C-RNTI or SPS C-RNTI using UE-specific NPDCCH search space and the Resource reservation field in the DCI is set to 1, or in case of NPUSCH format 2 transmission associated with C-RNTI using UE-specific NPDCCH search space,
-	In a slot that is fully reserved, the demodulation reference signal transmission is dropped.
-	In a subframe that is partially reservedIn a SC-FDMA symbol that is reserved, the demodulation reference signal transmission in a SC-FDMA symbol overlapping with the reserved symbols is dropped.
-----------------------------------------------------End of Text Proposal---------------------------------------------
Annex B
------------------------------------------------Start of Text Proposal----------------------------------------
[bookmark: _Toc454818207]10.2.6	Narrowband reference signal (NRS)
Unchanged part is omitted
An NB-IoT UE may assume NRSs are not transmitted in subframes that are configured by higher layer parameter nprsBitmap for narrowband positioning reference signal transmission.
If higher layer parameter valid-subframe-config-DL or slot-reserved-resource-config-DL is configured, the UE shall assume NRSs are not transmitted in a fully reserved slot of a NB-IoT DL subframe.
------------------------------------------------End of Text Proposal------------------------------------------
Annex C
-----------------------------------------------------Start of Text Proposal-----------------------------------
10.0.1.2	Frame structure type 2
Frame structure type 2 is applicable to TDD operation only.
The following restrictions apply: 
-	Uplink-downlink configuration 0 and 6 are not supported.
-	UpPTS is not used for NPUSCH or NPRACH.
-	DwPTS and UpPTS in special subframe configuration 10 is not used for transmissions. 
-	On an NB-IoT carrier for which higher-layer parameter operationModeInfo indicates inband-SamePCI or inband-DifferentPCI, or higher-layer parameter inbandCarrierInfo is present, or on an NB-IoT carrier for SystemInformationBlockType1-NB for which sib1-carrierInfo indicates non-anchor and the value of the higher layer parameter sib-GuardbandInfo is set to sib-GuardbandInbandSamePCI or sib-GuardbandinbandDiffPCI, DwPTS in special subframe configuration 0 and 5 for normal cyclic prefix is not used for NPDCCH and NPDSCH transmission.
-	Higher layer parameter symbolBitmap-r16 if configured is not applied to a special subframe with special subframe configurations {3, 4, 8, 9 and 10}.

------------------------------------------------------End of Text Proposal------------------------------------

Annex D
-----------------------------------------------------Start of Text Proposal-----------------------------------
16.4	Narrowband physical downlink shared channel related procedures
A NB-IoT UE shall determine whether a downlink subframe or a TDD special subframe configured for NB-IoT DL transmission is a NB-IoT DL subframe as follows
-	If higher layer parameter valid-subframe-config-DL or slot-reserved-resource-config-DL is configured
-	for a higher layer configured TDD NB-IoT carrier, the subframe containing SystemInformationBlockType1-NB transmission is not assumed as a NB-IoT DL subframe
-	for NPDSCH transmission associated with C-RNTI using UE-specific NPDCCH search space
-	if the Resource reservation field in the DCI is set to 0, then the subframe is assumed as a NB-IoT DL subframe
-	if the Resource reservation field in the DCI is set to 1, then the subframe is assumed as a NB-IoT DL subframe if it is not fully reserved according to the higher layer parameters.
-	for NPDCCH transmission associated with C-RNTI or SPS C-RNTI using UE-specific NPDCCH search space
-	the subframe is assumed as a NB-IoT DL subframe if it is not fully reserved according to the higher layer parameters.
-	In all other cases, a NB-IoT UE shall assume a subframe as a NB-IoT DL subframe if
-	the UE determines that the subframe does not contain NPSS/NSSS/NPBCH/ SystemInformationBlockType1-NB transmission, and
-	for a NB-IoT carrier that a UE receives higher layer parameter operationModeInfo, the subframe is configured as NB-IoT DL subframe or the subframe is a TDD special subframe configured for NB-IoT DL transmission after the UE has obtained SystemInformationBlockType1-NB. 
-	the subframe is configured as NB-IoT DL subframe by the higher layer parameter downlinkBitmapNonAnchor. 
-	except when the UE is configured with higher layer parameter additionalTxSIB1-Config set to TRUE, subframe #3 not containing additional SystemInformationBlockType1-NB transmission is assumed as a NB-IoT DL subframe if the UE monitors a NPDCCH UE-specific search space or decodes NPDSCH transmission scheduled by NPDCCH in the UE-specific search space.
For a NB-IoT UE that supports twoHARQ-Processes-r14 or the UE is configured with higher layer parameter multi-TB-Unicast-config, there shall be a maximum of 2 downlink HARQ processes.
------------------------------------------------------End of Text Proposal------------------------------------
