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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]The coexistence between NR and LTE was discussed in Rel-15. With dynamic sharing, deploying NR and LTE in same spectrum can be supported. However, the Rel-15 study focused on NR coexistence with general LTE system, and the coexistence with LTE sub-systems such as NB-IoT was not studied. 
In order to support deploying LTE NB-IoT systems inside NR carrier, Rel-16 LTE NB-IoT work item identified the potential issues and solutions for coexistence with NR with the following objectives in WID [1]:
	[bookmark: _Hlk516692042]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].

· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.



The WIDs concentrate on potential improvements at LTE-M and NB-IoT side. However, considering the design target of LTE NB-IoT includes long term operation e.g. 10 years lifetime, it will be beneficial to support NR coexist with the legacy NB-IoT devices before Rel-16. Therefore, NR side enhancement for coexist with LTE NB-IoT should be further considered.

2. Discussion
It was agreed in Rel-15 NR/LTE coexistence that NR and LTE can dynamically share spectrum with eNB/gNB scheduling coordination to avoid collision. In addition, resource reservation was introduced to solve the always-on-signal issue. In general LTE system, the always-on signal, including LTE PSS, LTE SSS, LTE PBCH and LTE CRS, are transmitted in fixed resource locations and cannot be scheduled around NR. 
NR system finally supports slot/symbol and RB level resource reservation corresponding to LTE PSS, SSS and PBCH via a {bitmap-1, bitmap-2, bitmap-3} triplet. In addition, NR system supports RE-level resource reservation corresponding to LTE CRS. The REs occupied by LTE CRS are declared as not available by indicating LTE CRS parameters in RRC message. NR UEs can be configured as assuming PDSCH rate-matching around the unavailable REs and not monitoring NPDCCH candidates overlapped with the unavailable REs. 
For the coexistence between NR and NB-IoT, the always-on signal issue also needs to be studied. The downlink always-on signal in NB-IoT system includes NB-PSS, NB-SSS, NB-PBCH, MIB-NB, SIB1-NB and NRS. 
· For NB-PSS, NB-SSS, NB-PBCH, MIB1-NB, SIB1-NB: These NB-IoT signals/channels are always transmitted in fixed or configured LTE resource locations. The bitmap-based resource reservation mechanism in Rel-15 coexistence can be similarly reused to support NR devices rate match around NB-IoT always-on signals above. 
· For NRS: On NB-IoT anchor carrier, NRS is always transmitted in every NB-IoT DL subframe on fixed REs. NR Rate-matching around LTE CRS can be reused for the anchor carrier case. However, on NB-IoT non-anchor carrier, there exists always-on NRS transmission on fixed LTE subframes, as well as dynamic NRS transmission depending on the actual transmission of NPDCCH and NPDSCH. 
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. 

Without RE level resource reservation for NRS, gNB can either avoid scheduling UE on that PRB, or gNB scheduling NR UE on the PRB(s) but transmit NRS for NB-IoT in order not impact on existing NB-IoT UE on NR carrier. However, the two solutions will impact resource efficiency or NR system performance.
Another solution is to configure REs occupied by NRS as ZP-CSI-RS REs in NR system to support NR UE rate match around NRS. However, the legacy ZP-CSI-RS pattern can hardly be reused with two reasons:
· The granularity of CSI-RS configuration in frequency domain is much larger than NB-IoT carrier.
The frequency domain occupation of ZP-CSI-RS resource is configured by CSI-FrequencyOccupation-IE. In legacy NR system, in which the number of RBs containing CSI resource is min {24, the width of the associated BWP}. In the worst case that only 1 NB-IoT carrier is deployed within NR carrier, the ZP-CSI-RS resources on the remaining 23 RBs or the remaining RBs in the associated BWP will be wasted. NRS occupies 8 or 16 REs per carrier per LTE subframe, correspondingly 5%~10% overhead will be introduced in the remaining RBs. The overhead may further increase due to the misalignment between NRS pattern and CSI-RS patterns, as explained in the second reason.
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.

· Legacy RE patterns of ZP-CSI-RS cannot perfectly match the RE position of NRS within a LTE subframe. 
In NB-IoT system, the NRS REs occupy last two OFDM symbols of each LTE slot in time domain, and in frequency domain are uniformly distributed in the carrier with a shift based on cell ID. An example of NRS RE position is illustrated in Figure 1 (in 10.2.6.2, TS 36.211), in which 16 REs are occupied by NRS with two antenna ports and 8 REs are occupied by NRS with single antenna port.


Figure 1 Mapping of DL NRS (normal CP, FDD)
The RE positions of ZP-CSI-RS within one NR slot are configured with the following patterns in Table 7.4.1.5.3-1 in TS 38.211 as shown in Appendix. CSI-RS is mapped on RE {k, l}where k =  +  [image: ]and l =  + [image: ] within a given RB and slot. Based on legacy parameters as shown in Table 7.4.1.5.3-1, there exists no single legacy CSI-RS pattern that perfectly matching NRS RE position. Therefore, if ZP-CSI-RS is reused to allow NR match around NRS RE, the following options can be considered:
· Option 1: Configure single CSI-RS pattern, which containing all REs occupied by NRS, as ZP-CSI-RS resource.
However, additional overhead will be introduced by Option 1. For all rows in Table 7.4.1.5.3-1 that might contain 8 or more CSI-RS REs within a slot, the value of [image: ]equals {0, 1} thus two consecutive REs in frequency domain will be configured as CSI-RS corresponding to each ki. If one of the two consecutive REs is occupied by NRS, the remaining one RE actually can be used for NR transmission, but will also be reserved as ZP-CSI-RS.
For example, if NRS REs {k, l} with k = {2, 5, 8, 11} and l = {5, 6, 10, 11} are transmitted in NB-IoT as shown in Figure 1, CSI-RS RE pattern needs to be configured with  = {2, 4, 8, 10}, which means 8 CSI-RS REs per symbol and in total 32 REs are configured as ZP-CSI-RS REs, corresponding to ~20% overhead. 
The actual NRS transmission occupies 8 REs (~5% overhead) with one antenna port, or 16 REs (~10% overhead) with two antenna ports. Therefore, if single CSI-RS pattern is used for NRS resource reservation, the overhead is quadrupled or doubled respectively.
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.

· Option 2: Configure the combination of multiple CSI-RS patterns within same slot as ZP-CSI-RS to indicate NRS RE position.
For example, in Row 2 at most 1 CSI-RS RE {k0, l0} is configured per RB, and the values of {k0, l0} can be configured as any possible index within a PRB. Therefore, 8 or 16 CSI-RS resources with Row 2 can be configured to indicate the position of NRS REs in one slot. 
However, it should be noticed that the in-slot RE position might be configured together with CSI-RS periodicity and offset, if ZP-CSI-RS is periodic or semi-static, in each CSI-RS resource. LTE subframe containing NRS might occur periodically e.g. in NB-IoT DL subframes on anchor carrier using bitmap-based configuration with length of 10 or 40 bits. Therefore, it may need K*8 or K*16 CSI-RS resources for the indication of NRS when there exists K NB-IoT DL subframes within the bitmap. Considering the maximum supported number of configured CSI-RS resource is restricted for NR UE, reusing sp/p-ZP-CSI-RS to indicate NRS position will introduce severe impact on the flexibility of CSI-RS configuration. 
Even if aperiodic-ZP-CSI resource is configured to indicate NRS position, the up to 16 CSI-RS resource for NRS will also restricts the flexibility of CSI-RS configuration. In addition, aperiodic-ZP-CSI resource is triggered by DCI and is applied to all the slot(s) of the scheduled PDSCH, but NRS may not be transmitted in all the corresponding slots, which introduces potential overhead.
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.

In addition, according to TS 38.211, UE configured with ZP-CSI-RS shall assume the ZP-CSI-REs are not used for PDSCH transmission, but still performs the same measurement/reception on channels/signals except PDSCH regardless whether they collide with ZP-CSI-RS or not. Therefore, the measurement/reception on other channels/signals might be impacted if NR UE cannot differentiate whether the ZP-CSI-RS is corresponding to NRS or not.
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.

Therefore,  reusing legacy solutions to support NR UE rate match around NRS will either waste a lot of resource, or may have performance impact on NR UE. Especially,  in order to support URLLC UEs, gNB might need allocate to URLLC UE a large bandwidth and try to allocate to URLLC UE as soon as possible. The NRS transmission will have strong impact on the performance of URLLC UE.  
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. 
Considering the existing reference solutions for always-on-signal issue in NR and LTE coexistence, study of possible enhancement on resource reservation to support NR coexist with LTE NB-IoT can be considered as a starting point.
Proposal: Send LS to RAN plenary to suggest to further improve resource reservation for NB-IoT system in NR.

3. Conclusion
The following observation is provided: 
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. 

The following proposal is provided:
[bookmark: _GoBack]Proposal: Send LS to RAN plenary to suggest to further improve resource reservation for NB-IoT system in NR.
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Appendix
Table 7.4.1.5.3-1: CSI-RS locations within a slot.
	Row
	Ports[image: ]
	Density [image: ]
	cdm-Type
	[image: ]
	CDM group index [image: ]
	[image: ]
	[image: ]

	1
	1
	3
	No CDM
	, , 
	0,0,0
	0
	0

	2
	1
	1, 0.5
	No CDM
	,
	0
	0
	0

	3
	2
	1, 0.5
	FD-CDM2
	,
	0
	0, 1
	0

	4
	4
	1
	FD-CDM2
	,
	0,1
	0, 1
	0

	5
	4
	1
	FD-CDM2
	,
	0,1
	0, 1
	0

	6
	8
	1
	FD-CDM2
	, , , 
	0,1,2,3
	0, 1
	0

	7
	8
	1
	FD-CDM2
	, ,, 
	0,1,2,3
	0, 1
	0

	8
	8
	1
	CDM4 (FD2,TD2)
	 , 
	0,1
	0, 1
	0, 1

	9
	12
	1
	FD-CDM2
	, , , ,, 
	0,1,2,3,4,5
	0, 1
	0

	10
	12
	1
	CDM4 (FD2,TD2)
	, , 
	0,1,2
	0, 1
	0, 1

	11
	16
	1, 0.5
	FD-CDM2
	, , , ,, , , 
	0,1,2,3,
4,5,6,7
	0, 1
	0

	12
	16
	1, 0.5
	CDM4 (FD2,TD2)
	, , , 
	0,1,2,3
	0, 1
	0, 1

	13
	24
	1, 0.5
	FD-CDM2
	, , , , , ,, , , , , 
	0,1,2,3,4,5,
6,7,8,9,10,11
	0, 1
	0

	14
	24
	1, 0.5
	CDM4 (FD2,TD2)
	, , , , , 
	0,1,2,3,4,5
	0, 1
	0, 1

	15
	24
	1, 0.5
	CDM8 (FD2,TD4)
	, , 
	0,1,2
	0, 1
	0, 1, 2, 3

	16
	32
	1, 0.5
	FD-CDM2
	, , , ,, , , , , , , , , , , 
	0,1,2,3,
4,5,6,7,
8,9,10,11,
12,13,14,15
	0, 1
	0

	17
	32
	1, 0.5
	CDM4 (FD2,TD2)
	, , , , , , , 
	0,1,2,3,4,5,6,7
	0, 1
	0, 1

	18
	32
	1, 0.5
	CDM8 (FD2,TD4)
	, , , 
	0,1,2,3
	0,1
	0,1, 2, 3
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