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1 Introduction
The R16 LTE MTC feature related to NR coexistence with LTE -MTC needs to be evaluated with respect to the RAN4 impact and TP is proposed base on one companion discussion paper.
2. Text Proposal

--------------------------------------------------Start of TP------------------------------------------------------

8
Simultaneous operation with LTE-MTC and NR
8.1
Collision Avoidance for static and other NR signals

When an LTE-M service coexists with NR within a NR carrier, the legacy LTE-M device will operate on the carrier configured as a normal LTE carrier without awareness of NR signals. The NR device, however, could be aware of other technology with NR R15 feature of rate-matching the PDSCH around resource elements used by LTE. For the signal sent from LTE which cannot be rate-matched by the NR device, scheduler or configuration coordination is needed to avoid collision between NR and LTE transmissions (or signals). The LTE signals can be classified as static signals and dynamic signals, where the static signals are “always on” signals and shall be always transmitted. The dynamic signals are traffic specific and scheduled in the real time.
An LTE carrier resource grid for FDD band is shown in Figure 8-1.
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Figure 8-1: Resource grid for downlink signal of the LTE carrier BW=1.4MHz and 4 CRS antenna ports.

As shown in Figure 8-1 for the downlink LTE signal (FDD band) without the scheduled PDSCH, 
1. PDCCH in the first 1, 2 or 3 symbols depending on the CFI configuration, minimum is 1 symbol for CFI=1 for every subframe (except in the special case with 1.4 MHz system bandwidth when the number of symbols is 2, 3 or 4), 

2. PSS/SSS is configured every 5 ms at symbol 5, 6 in the middle 6 PRBs. 

3. PBCH is transmitted at slot 1 every 10ms. 

4. CRS (4 ports) signal on symbols 0, 1, 4, 7, 8, 11, 

5. The DMRS (4 port), on symbols 5, 6, 12, 13, 

6. CSI-RS (4 ports) every 10 ms, on symbols 5, 6, 12, 13. 

For uplink LTE signals, they are PUCCH and PUSCH, PRACH and SRS which is configurable.
As the DMRS and CSI-RS occupy PDSCH positions, they can be treated as dynamic signals same as PDSCH which is UE specific. NR signals should avoid the overlapping of LTE static signals so the legacy LTE UE performance will not be affected. 
For LTE-M, the cell-specific subframe bitmap broadcasted on the System Information (SI) indicates which subframes are capable of LTE-M transmissions. On top of this, there are additional signals MPDCCH and RSS signal:
· MPDCCH: MPDCCH carries the LTE-M downlink control information (DCI) and maps to the LTE PDSCH region.

· RSS (Resynchronization Signal): Maps to the LTE PDSCH region at periodicity of 8, 16, 32 or 40 subframes and 2 consecutive PRBs.
LTE-M subframes can be configured as valid or invalid for LTE-M transmission, and invalid subframes are not used for LTE-M transmissions. LTE-M signals occupy the NR PDSCH region which makes it possible for an NR UE to perform rate matching around it. For the PDCCH, PSS/SSS/PBCH in the middle 6 PRBs, and CRS are static signals that are always transmitted.
NR has the following channels and signals:
1. SSB, default 20ms periodicity, 

2. TRS, needed for PDSCH demodulation

3. CORESET #0 for transmitting PDCCH for SIB1 scheduling SIB1

4. PDCCH at symbol 2, 

5. PDSCH + DMRS

6. CSI-RS, symbol 12 and 13
In the NR signals, the SSB signal is a mandatory transmission for the UE initial cell search and thus is a static signal. CORESET #0 is also a static signal which is mandatory to transmit. The other reference signals to help demodulate the PDSCH should not collide with LTE signal so the NR UE performance would be preserved. A solution for avoiding the LTE static signals when NR static signals are transmitted will be needed and one of the options is to use the MBSFN subframes in LTE and the other one is using LTE-MTC invalid subframe bitmaps.
MBSFN in LTE:

MBSFN is an LTE Release 9 feature, so for the LTE-M from R13, there is no problem for the LTE-M device with the awareness of the MBSFN subframe configuration. The LTE-M will ignore these MBSFN subframes so these MBMS subframes could be used for NR to transmit the static signals or other important signals which otherwise would collide with LTE signals. 
The number and locations of MBSFN subframes within a specific radio frame are defined in SIB2 with MBSFN-SubframeConfig IE.  It is determined by two parameters radioframeAllocationPeriod and radioframeAllocationOffset, as long as below equation is fulfilled for the MBSFN configuration, 

[SFN] mod [radioframeAllocationPeriod] = radioframeAllocationOffset

With the MBSFN subframe, LTE-M device could ignore the NR “always on” signal contained in MBSFN frames seen by LTE-M device. Furthermore, in R15, NR can reserve resources using a bitmap for the NR PDSCH region, so NR signals can be rate matched by NR UEs around the resource elements used by LTE signals. By utilizing these methods and scheduler help for uplink, the LTE and NR will avoid the colliding signal each other and can coexist within a NR carrier. Table 8-1 and Table 8-2 lists summary of protection schemes for static signals in two system.

Table 8-1: NR (SCS=15kHz) solution to avoid the collision with LTE signals

	 
	Signal
	symbol position
	frequency position
	NR solution

	LTE-M DL signal
	PSS/SSS, 
	symbol 5, 6
	middle 6 PRB
	resource reserve with NR rate matching

	
	PBCH
	slot 0
	middle 6 PRB
	resource reserve with NR rate matching

	
	CRS
	0,1,4,7,8,11
	interleaved within whole LTE PRB
	reserve resource with NR rate matching

	
	DMRS 
	5,6, 12,13
	 
	resource reserve with NR rate matching

	
	CSI-RS
	5,6,12,13
	 
	resource reserve with NR rate matching

	
	PDCCH
	0,1
	 
	NR PDCCH only on symbol 2

	
	PDSCH
	 
	 
	resource reserve with NR rate matching

	
	MPDCCH
	
	
	resource reserve with NR rate matching

	LTE-M UL signal
	PRACH
	 
	 
	 Scheduling

	
	PUCCH
	 
	edge PRB at LTE BW
	Scheduling

	
	SRS
	 
	 
	Scheduling


Table 8-2: LTE-M solution to avoid the collision with NR signals (SCS=15kHz)

	 
	Signal
	symbol position
	frequency position
	LTE-M solution

	NR DL signal
	SSB
	2,3,4,5
	20 PRB, sync raster
	MBSFN frame and/or configure invalid subframe for LTE-M

	
	CORESET SIB1
	 
	 
	MBSFN frame and/or configure invalid subframe for LTE-M

	
	PDCCH
	2
	 
	CFI max=2, avoid overlap of LTE PDCCH to NR PDCCH and/or configure invalid subframe for LTE-M

	
	PDSCH 
	 
	 
	 Scheduling and/or configure invalid subframe for LTE-M

	
	DMRS
	 
	 
	MBSFN and/or configure invalid subframe for LTE-M

	
	TRS
	 
	 
	MBSFN and/or configure invalid subframe for LTE-M

	
	CSI-RS
	 
	 
	MBSFN and/or configure invalid subframe for LTE-M

	NR UL signal
	PRACH
	 
	 
	Scheduling; 

	
	PUCCH
	 
	 
	Scheduling

	
	SRS
	 
	 
	Scheduling


11 LTE-MTC coexisting with NR specific feature in R16

11.1 Subcarrier puncturing
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Figure 11.1-1: Illustrative example of RB misalignment between NR and LTE-MTC in DL.
In R16, subcarrier puncturing is introduced as a feature to further improve spectrum utilization for the NR coexisting with LTE-MTC deployment scenario. This feature is useful for handling RB misalignment between NR and LTE-MTC in DL, as shown in Figure 11.1-1. By puncturing we refer to the case where the base station avoids transmitting the subcarriers belonging to LTE-MTC with or without informing the UEs. This will cause somewhat degraded performance for the UE whose transmission is punctured (up to 2 subcarrier punctured), but the eNB/gNB scheduler is aware of this, and may compensate by proper adjustment of code rates etc. It should be noted that in DL, since NR UEs can rate match around LTE CRS, there is no need to puncture CRS when it is on outlying subcarriers.

11.2 Resource reservation
In R16, finer LTE-MTC resource reservation than subframe level is introduced. LTE-MTC resource reservation for DL can be configured at slot level or symbol level. UL resource reservation for LTE-MTC with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported. For DL, frequency-domain resource reservation is also supported, and non-contiguous PRB allocation can be indicated using an RBG bitmap. The unused frequency/time resources for LTE-MTC then can be used by an NR UE. As a result, the NR spectrum utilization will be improved when the traffic on LTE-MTC cell is low.
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