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1	Introduction
RAN #75 approved a new work item on New Radio Access Technology, including among many other objectives the following on NR-LTE coexistence [1]:
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
In this contribution we discuss further the LTE and NR sharing an uplink carrier, already discussed during the study item, and e.g. in [3] and [4]. 

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Discussion
RAN1#88bis and subsequent email discussion touched the aspect of frequency-coexistence of LTE and NR within the same carrier frequency. The aspect of whether the 7.5 kHz offset currently assumed existing between the sub-carrier grids of LTE and NR is an issue to be of conern was also raised. In an earlier contribution a way to over-book and blank part of the LTE-PUCCH was discussed [4]. Such LTE-PUCCH blanking can be used to create unused edges to the LTE carrier that can be used for NR uplink. Alternatively the NR transmissions could be arranged within the LTE, between the LTE-PUCCH allocations. The two cases are shown as case d) and c) respectively in the figure below. As one important driver for the UL sharing is the NR uplink coverage when operating NR downlink on a higher-frequency carrier, it seems natural to assume that long-format NR-PUCCH is used.
It is assumed that both sharing configurations c) and d) are possible – the LTE SRS and RACH can be configured to the part of the carrier that is not used for NR, and vice-versa. For added NR-PUSCH – LTE-PUSCH interference resistance, the configuration option c), where the LTE PUCCH and NR-PUCCH are next to each other and between the PUSCH allocations probiding additional guard. 
Observation: Allocation of NR-PUCCH and LTE-PUCCH next to each other can be expected to add to the PUSCH interference resistance on both LTE and NR
[image: ]
Figure 1: Schematic of an uplink LTE carrier with NR allocation in it

Assume a network deployment where the NR operates on a 3.5 GHz TDD carrier and LTE on an 1.8 GHz FDD carrier, and the FDD carrier uplink is shared between LTE and NR as illustrated in Figure 2. It is generally desireable to be able to use the NR sub-carrier spacing that is deemed the most practical for a given deployment. For 3.5 GHz macro carrier the 30 kHz SCS can be seen as a suitable choice providing good latency performance as well as wider carrier BW without aggregation. Even though not yet discussed, it may be desireable to use the same DL and UL sub-carrier spacing to maintain the same slot durations. The channel delay spreads of DL and UL can be assumed to be on the same ballpark as well, so that one link would not require twice the CP of the other link.
Observation: It is desireable to allow a for at least 30 kHz SCS uplink to share the carrier with LTE.

[image: ]
Figure 2: An example band arrangement where LTE and NR coexist in the same carrier 

3	Initial in-band adjacent channel coexistence analysis
It is good to note that in practice two adjacent LTE transmissions need guard band between them for good demodulation performance. This was also noted in [5]. “According to section 6.5.2.3 in [36.101], the guard band will be 1 RB for QPSK and 16QAM, 2 RB for 16QAM and more than 3 RBs for 64QAM modulation if the inband emission target is matched.”. The reason for this is illustrated in Figure 3, where one can see how the LTE uplink emissions touch the PRBs outside the allocation. In NR the in-band spectral confinement specifically intended for multi-numerology multiplexing in frequency domain may mitigate this phenomenon somewhat, potentially making the NR-LTE frequency domain coexistence case somewhat better.
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Figure 3: LTE uplink emission mask for QPSK and 64QAM 6 PRB allocation

The evaluation setup investigates the NR interference towards a victim LTE assuming a setup where the LTE-PUCCH is allocated between a 6-PRB NR and 6PRB LTE-PUSCH transmissions and looking at the LTE SNR. No PA model or additional spectral confinement filtering/windowing has been assumed, favouring the 15kHz/15kHz with zero sub-carrier raster offset. 
The following setups are investigated:
· NR SCS: 15 kHz / 30 kHz
· Carrier raster: Same raster / 7.5 kHz offset
· Time alignment: Aligned / ½ symbol time offset
· LTE-PUCCH allocation width: 1, 2, 3, 4 PRBs
· LTE-PUSCH: 6 PRBs
· NR-PUCCH: Not present
· NR-PUSCH: 6 PRBs
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Figure 4: Evaluation setups

3.1	LTE with adjacent NR using 15 kHz sub-carrier spacing
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	LTE + NR15kHz
No frequency offset, no time offset
	LTE + NR15kHz
7.5 kHz frequency offset, no time offset



	
	SIR for LTE PUCCH with different allocation widths 

	SIR [dB]
	1 PRB
	2 PRBs
	3 PRBs
	4 PRBs

	No offsets
	∞
	∞
	∞
	∞

	Time offset
	14
	21
	23
	25

	Freq. offset
	12
	20
	23
	25

	Time & freq.
	12
	20
	23
	25



	
	SIR for LTE PUSCH with 6 PRB allocation.
Evaluated with different allocation widths for PUCCH

	SIR [dB]
	1 PRB
	2 PRBs
	3 PRBs
	4 PRBs

	No offsets
	∞
	∞
	∞
	∞

	Time offset
	29
	30
	31
	32

	Freq. offset
	29
	30
	31
	32

	Time & freq.
	29
	30
	31
	32



The LTE-PUCCH PRB closest to the NR transmission sees significant interference from the directly adjacent NR PRB when there is time and/or frequency offset between the LTE and NR, but there is still 10 dB margin wrt. the LTE-PUCCH demodulation requirements. Other LTE-PUCCH PRBs don’t experience any meaningful interference even from non-orthogonal NR.

The LTE-PUSCH experiences some interference that reduces slightly with larger LTE-PUCCH allocation separting the LTE-PUSCH from the NR transmission. The overall SIR values are still similar to what the LTE emission mask would anticipate.

3.2	LTE with adjacent NR using 30 kHz sub-carrier spacing
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	LTE + NR30kHz
No frequency offset, no time offset
	LTE + NR30kHz
7.5 kHz frequency offset, no time offset



	
	SIR for LTE PUCCH with different allocation widths 

	SIR [dB]
	1 PRB
	2 PRBs
	3 PRBs
	4 PRBs

	No offsets
	17
	21
	23
	24

	Time offset
	15
	19
	21
	23

	Freq. offset
	15
	20
	23
	24

	Time & freq.
	14
	19
	21
	23



	
	SIR for LTE PUSCH with 6 PRB allocation.
Evaluated with different allocation widths for PUCCH

	SIR [dB]
	1 PRB
	2 PRBs
	3 PRBs
	4 PRBs

	No offsets
	28
	29
	30
	31

	Time offset
	26
	27
	28
	29

	Freq. offset
	28
	29
	30
	31

	Time & freq.
	26
	27
	28
	29



Observation: LTE PUCCH operation is not compromized by neighboring NR transmission having frequency and/or time offset or same or different numerology
Observation: LTE PUSCH experienced SIR in presence of NR interferenr without time and frequency synchronization indicates that frequency raster alignment is not required and that NR can be asynchronous to to LTE

The findings with 30 kHz sub-carrier spacing NR transmission are very similar to those of 15 kHz SCS NR whit time and/or frequency offset. An interesting observation is that the LTE-PUCCH suffers somewhat less from NR 30 kHz SCS interference than from NR 15 kHz SCS interference. The reason behind this finding is illustrated in the figure below, where it is evident that the dominant interference values in the first few FFT bins in the LTE-PUCCH are clearly larger with 15 kHz SCS. Because of this, in a non-orthogonalized case, a 30 kHz SCS NR is somewhat better a neighbor to LTE than a 15 kHz SCS NR.
[image: ]
Figure 5: Interference values of NR aggressor to LTE victim

Observation: 30 kHz SCS NR aggressor interferes less with an adjacent LTE-PUCCH victim than 15 kHz SCS NR
4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution methods for sharing the LTE and NR uplink have been outlined. The scenario and configuration related discussion leads us to make the following two observations:
Observation: Allocation of NR-PUCCH and LTE-PUCCH next to each other can be expected to add to the PUSCH interference resistance on both LTE and NR
[bookmark: _GoBack]Observation: It is desireable to allow a for at least 30 kHz SCS uplink to share the carrier with LTE.

Further analysis leads us to make the following performance related observations:
Observation: LTE PUCCH operation is not compromized by neighboring NR transmission having frequency and/or time offset or same or different numerology
Observation: LTE PUSCH experienced SIR in presence of NR interferenr without time and frequency synchronization indicates that frequency raster alignment is not required and that NR can be asynchronous to to LTE
Observation: 30 kHz SCS NR aggressor interferes less with an adjacent LTE-PUCCH victim than 15 kHz SCS NR

Based on the above observation, a following tentative conclusion could be made
Tentative conclusion: Independent operation (no time-alignment, matching subcarrier grid or same sub-carrier spacing) between NR and LTE is possible
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