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Description
At RAN1 #88bis meeting, the following email discussion [88b-15] was agreed to help further the understanding on the specification impacts related LTE NR coexistence on a shared UL spectrum.
The following conclusion was reached at RAN1#88bis in Spokane:
· For LTE-NR coexistence in UL, several alternatives were proposed and discussed, and there is no common understanding of the corresponding performance impact. RAN1 to continue the discussion on possible alternative(s) to conclude on the performance impact via evaluation, RAN1 specification impact, analysis of potential impact on other NR features, etc.
· Email discussion after RAN1#88bis till next meeting – David (Huawei)

The scenario of LTE NR coexistence on a shared UL spectrum is described in TR38.912 section 8.5:
LTE-NR co-existence should support the following UL sharing scenarios. Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE. LTE DL on a paired frequency F3.	NR DL transmission on frequency F2 (different than LTE DL frequency). NR UE operates in either of the following cases based on a common NR design:
-	Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
-	Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
-	NR DL and UL frequencies (and/or NR band number) are signaled by RRC

At RAN4#82bis in Spokane, a workplan was agreed in document R4-1704411, including frequency ranges for NR to be defined for LTE-NR coexistence with UL sharing:
· 1710-1785MHz (UL)/3.3-4.2 GHz*(DL&UL) 
· 832-862MHz (UL)/3.3-4.2 GHz*(DL&UL) 
· 880-915MHz (UL)/3.3-4.2 GHz*(DL&UL) 
· 703-748MHz (UL)/3.3-4.2 GHz* (DL&UL)
It is to be noted that the low frequency ranges correspond to LTE FDD bands.
Regarding the discussion on UL subcarrier alignment, the alternatives discussed at RAN1#88bis were listed in R1-1706568:
· Alt 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Alt 2: 7.5 kHz shift at baseband
· Alt 3: NR UL raster with a 7.5 kHz shift to the LTE UL raster

The proponents of R1-1706568 observed that there is:
· no common understanding of the performance impact of not aligning UL subcarriers between NR and LTE
· no common understanding of the performance impact of a baseband 7.5 kHz shift on UL Tx DC leakage

In this email discussion, it is proposed to first agree on common evaluation assumptions to assess the performance impact of the above two bullets with link-level evaluations, for which assumptions are proposed in section 2. Companies are asked to comment on the proposed evaluation assumptions.
Then companies are encouraged to perform evaluations and share their results via email if available before RAN1#89. It is expected that those evaluations would be used to assess for example the amount of frequency guard that would be needed due to inter-subcarrier interference between LTE and NR signals.
In order to facilitate the discussion on RAN1 specification impact, analysis of potential impact on other NR features, we have provided questions in section 3, and would like to ask companies to provide their answers in section 3.
Companies are encouraged to respond before May 5th and early enough so that some exchange can happen over email, and the discussion may still extend after that date if needed.

Analysis of performance impact of aligning or not aligning UL subcarriers of LTE and NR
Evaluation assumptions for ICI without subcarrier alignment
[bookmark: OLE_LINK4]The following evaluation assumptions were suggested for assessing the minimum amount of guard band needed between LTE and NR channels that allows avoiding impact to the LTE performance and maximizing the resources available for use by LTE and NR when NR UL shares subframes with LTE UL:
	Parameter 
	Value

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz, 30 kHz

	Cyclic prefix
	Normal

	Waveform
	LTE & NR: DFT-S-OFDM

	Antenna configuration
	1*2 ULA low correlation

	Propagation channel
	TDL-C 300ns

	Number of PRBs for PUSCH and PUCCH allocation, and placement of LTE and NR PUCCH and PUSCH
	Assumptions to be provided by the proponents

	MCS for LTE
	64QAM 1/2

	MCS for NR
	QPSK 1/2, 16QAM 1/2, 64QAM 1/2

	Misalignment offset
	0 kHz, 7.5 kHz


Table 1 - Evaluation assumptions for ICI and guard PRBs without subcarrier alignment

The link level performance is then used to assess the amount of guard PRB needed between LTE UL signals and NR UL signals to meet the minimum requirements of in-band emission on uplink in adjacent PRBs defined by RAN4 (Table 6.5.2.3.1-1 of TS 36.101).
[bookmark: OLE_LINK5]Evaluation assumptions for UE Tx DC leakage
[bookmark: OLE_LINK3]The following evaluation assumptions were suggested:
	Parameter 
	Value

	Carrier frequency
	2 GHz

	FFT Size
	512

	Subcarrier spacing
	15 kHz, 30 kHz

	Cyclic prefix
	Normal

	Waveform
	CP-OFDM, DFT-S-OFDM

	Antenna configuration
	1*2 ULA low correlation

	Channel estimation
	Wiener (Granularity is 1RB)

	Propagation channel
	TDL-C 300ns

	Number of PRBs
	1, 3, 25

	HARQ
	Disabled

	MCS
	QPSK 1/2, 64QAM 1/2

	Receiver
	MMSE

	DC distortion power
	25dB lower than signal power
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Table 2 - Evaluation assumptions for UE Tx DC leakage

The link level performance is used to assess the impact of different locations of the UE Tx DC on the UL performance.

 Discussion on the 3 alternatives
During the discussion on the three original alternatives listed in section 1, companies expressed the views that some amount of configurability should be considered for the potential 7.5 kHz baseband shift or for the placement of the UL transmit DC. 
Companies also proposed that the alternatives could be discussed in the context of LTE FDD bands since only those bands are currently the focus of UL coexistence of LTE and NR within the same bandwidth in RAN4.
Companies also identified the need to clarify assumptions on the UL channel raster for all three options, even though the final choice of the UL channel raster is in RAN4, because RAN1 needs to make some assumption on the NR UL raster in order to compare the three alternatives. It was understood that Alt1 may be subject to several possible assumptions on the choice of the NR UL raster.

Based on this, the three alternatives were clarified and revised as below:
1. Alt1: Do nothing to allow subcarrier alignment between NR UL (with 15 kHz subcarrier spacing) and LTE UL.
5. [bookmark: OLE_LINK1]Note 1: It is assumed that under Alt1 the choice of the NR carrier frequencies would not result in subcarrier alignment between NR UL and LTE UL (otherwise Alt1 would become the same as Alt3).
5. Note 2: one possible assumption is that the NR UL raster is the same as the LTE UL raster, resulting in a 7.5 kHz shift between the subcarriers of LTE and NR.
5. Note 3: another possible assumption is that the NR UL raster is not based on a 100 kHz spacing but rather based on a spacing that would allow contiguous uplink carrier aggregation with zero guard band.
1. Allow subcarrier alignment between NR UL (with 15 kHz subcarrier spacing) and LTE UL, limited to certain bands (for the time-being assume only FDD LTE bands as agreed in RAN4 for LTE/NR UL coexistence).
6. Alt2: 7.5 kHz shift at baseband may be configured only in certain bands, where the NR UL raster is the same as (or includes) the LTE UL raster. When the 7.5 kHz shift is configured, the physical UL transmit DC is assumed to fall between two subcarriers.
0. Note: this absolute 7.5 kHz shift is relative to the NR subcarrier grid for 15 kHz subcarrier spacing, and the shift is applied irrespective of the subcarrier spacing actually used for NR UL.
6. Alt3: The NR UL raster is the same as (or includes) the LTE UL raster shifted by 7.5 kHz. This NR UL raster is applicable only in certain bands, and may be the only raster defined for NR in those bands. The physical UL transmit DC is assumed to fall in the middle of one subcarrier.

It was also suggested to re-formulate the alternatives by focusing scenarios depending on the placement of the UL carriers rather than on the definition of the UL raster:
1. Scenario #1: The NR UL carrier frequency is aligned to LTE. No half-tone shift “in baseband”
1. Scenario #2: The NR UL carrier frequency is aligned to LTE. Possibility for half-tone shift “in baseband”
1. Scenario #3: The NR UL carrier frequency is shifted 7.5 kHz vs that of LTE. No half-tone shift in “baseband”

Companies discussed implementation aspects of all three alternatives. In particular, the complexity of the base station receiver that needs to receive both LTE uplink and NR uplink was discussed. It was clarified that both CP-OFDM and DFT-s-OFDM are applicable to the NR UL in overlapping spectrum with LTE UL transmissions. Even though some differences were seen for the implementation of Alt2 and Alt3, there was no conclusion that those two alternatives are not feasible. Companies also identified complexity for the BS receiver corresponding to Alt1 for receiving LTE and NR simultaneously. 


There was also some discussion on the deployment scenarios:
1. What if neighbor cells don’t coordinate their scheduled LTE and NR UL resources?
10. The common understanding seems to be that the type of interference would not be fundamentally different than typical LTE inter-cell interference, and subcarrier alignment would not matter, except in the case where receivers would want to implement interference cancellation at the subcarrier level.
1. Whether or not the base station receiver for LTE would also support better spectrum confinement as for NR?
11. One operator considered that the possibility of reusing the LTE hardware would be attractive for an operator, thus some discussion of this possibility was encouraged to gain better understanding. It was also pointed out that it is not a design requirement of NR to be able to run on LTE hardware.
1. What if not all eNBs/gNBs in the network support both LTE and NR, where for example the UE is close to an LTE cell but it wants to connect to a far-away NR cell on the same frequency?
12. In this case, an NR capable UE may access an NR cell even if it is much closer to an LTE cell (or vice versa). There were questions on how this may impact the link level performance for Alt. 1. There were concerns that this scenario would introduce blocking of the BS receiver in the absence of coordination between the NR cell and the LTE cell. Some operators considered that the DL of the close-by and far-away cells could be on the same frequency, or on different frequencies.

Conclusion
Continue the discussion on the revised alternatives of section 3, with further consideration of the evaluation results submitted by companies on:
1. Guard bands needed with/without subcarrier alignment
1. Impact of UL transmit DC placement

Note that this document only summarizes what was discussed in the email discussion [88b-15], but does not intend to summarize further considerations submitted by companies as input to RAN1#89.
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