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1 Introduction
Recently at RAN1 NR Ad hoc#1701 meeting, NR-LTE sharing the same uplink frequency mechanism has been discussed in the scope of NR-LTE coexistence. The idea is to allow NR UE to use part of the current LTE uplink carrier for transmitting NR uplink [1]. After that, some further discussions on NR-LTE uplink sharing have been proposed in [2-5] for considering whether NR-LTE coexistence with uplink sharing on the same carrier as LTE should be progressed. In RAN#75 plenary meeting, a new work item on New Radio (NR) Access Technology has been approved [6]. One of the objectives of the WI is to task RAN1/2/4 to specify the NR-LTE co-existence mechanisms as follows, 
-
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
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Fig.1 NR-LTE co-existence scenario with LTE UL and NR UL within the bandwidth of an LTE component carrier
Fig.1 shows the NR-LTE co-existence scenario with LTE UL and NR UL within the bandwidth of an LTE component carrier, in which the collocated LTE and NR base stations with network operating UL on frequency F1 where LTE DL on a paired frequency F3 and NR DL transmission on frequency F2 (different than LTE DL frequency). 
In this proposal, we provide some analysis and our technical concerns on the NR-LTE co-existence scenario with LTE and NR share the bandwidth of an LTE component carrier.
2 Discussion
2.1
Impacts to legacy devices
In [6], it proposes two scenarios to support NR-LTE co-existence; one is to share LTE UL and NR UL within the bandwidth of LTE UL component carrier, and the other is to share LTE DL and NR DL within the bandwidth of LTE DL component carrier. Take the first scenario as an example, there are two possible multiplexing manners between LTE and NR in an LTE uplink subframe, i.e., FDM and TDM shown in Fig.2.
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Fig.2  FDM & TDM between LTE and NR
To frequency multiplex users in the LTE system, the total bandwidth is divided into sub-channels, denoted as physical resource blocks (PRBs). A PRB is the minimum resolution for scheduling in the frequency domain. Considering that most of the LTE uplink physical channels span over an entire subframe and are confined in frequency instead of the entire system bandwidth illustrated as Fig.3, LTE uplink coexists with NR uplink in FDM manner is more suitable than TDM  manner [4]. Even with LTE SRS, its power spectral density is typically low when spanning over large bandwidth, and it occupies only the last SC-OFDM symbol. In addition, hybrid ARQ being used as a high efficient transmission and error correction technique in LTE, the transmission of data transport block and ACK/NACK indication is strictly dependent on timing sequence in time domain. Scheduling in TDM manner to distinguish LTE and NR users will be very complicated and hard to implement. In NR-LTE co-existence scenario,  if FDM manner  is applied, the uplink resource blocks allocated for LTE in frequency will be confined in part of entire frequency bandwidth, illustrated as F1Lin Fig.4. The uplink resource blocks in frequency range F1U are no longer applicable to LTE uplink and will be allocated for NR uplink. Thus, the implementation of original LTE baseband should be modified accordingly. There are impacts to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR in such manner which is inconsistent with the requirement in NR WI.
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Fig.3 LTE uplink subframe with physical channel and signal
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Fig.4  NR-LTE co-existence scenario with FDM
Observation 1: For the mechanisms of NR-LTE co-existence, in order to 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, FDM manner is more suitable than TDM  manner.
Observation 2: The resource blocks allocated for LTE will be confined in part of entire frequency bandwidth when considering NR-LTE co-existence within the bandwidth of an LTE component carrier. There are potential impacts to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR.
Proposal 1: FDM manner is suggested to be considered for co-existence of LTE and NR within the bandwidth of an LTE component carrier.

2.2
Scenario analysis
According to the scenarios stated above, we notice that the main idea for supporting NR-LTE co-existence is to share the UL or DL bandwidth of LTE between NR and LTE. In [5], the scenarios of UL spectrum co-existence were proposed.
· SDL NR spectrum + UL spectrum (sharing with LTE)

· TDD NR spectrum + UL spectrum (sharing with LTE) 
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Fig.5  NR-LTE co-existence scenario with UL co-existence
In these scenarios, TDD NR spectrum is used as DL only and no UL on NR spectrum. The usage of TDD spectrum has been changed which is conflicted with the traditional concept of band. Furthermore, as discussed in [7], to support new feature like URLCC in NR, much more feedback like ACK/NACK is needed. The self-contained subframe structure, e.g., (DL:GP:UL) possible like 12:1:1 or 10:2:2 is still under discussion in RAN1. However, it indicates that for TDD spectrum F2 in Fig.5 there is still requirements on uplink. If the uplink is moved to LTE uplink F1 in low frequency, the channel reciprocity will be degraded. In addition to the TDD spectrum, paired FDD NR spectrum with both UL and DL (not SDL spectrum) is not suitable for UL spectrum co-existence since the NR UL spectrum will be wasted (see Fig.5).

For the scenarios of DL spectrum co-existence, it requires to support co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier shown in Fig.6. Since no supplemental uplink (similar to SDL in DL) spectrum has ever been defined for FDD, the DL spectrum co-existence between NR and LTE can only be applied for TDD spectrum with UL only.
Furthermore, from Fig.5 we see that the limited LTE UL frequency band has been split into two parts and shared by both NR and LTE in uplink, the uplink resources will be severely unbalanced compared to downlink resources especially when NR DL spectrum is relatively wide. Fig.6 has the same limitation to DL unbalance compared to uplink resources.
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Fig.6  NR-LTE co-existence scenario with DL co-existence
Observation 3: The scenarios for NR-LTE co-existence within the bandwidth of an LTE component carrier are limited to NR TDD spectrum, with the spectrum usage restricted to DL only in NR-LTE UL sharing mode and UL only in NR-LTE DL sharing mode. The channel reciprocity in NR TDD spectrum will be degraded. SDL spectrum can only be used in NR-LTE UL sharing mode. 
Observation 4: If the limited LTE frequency resources (UL or DL) are shared by NR and LTE, it will cause the unbalance problem between UL and DL resource allocation.
Proposal 2: Potential impacts on the UL only or DL only spectrum usage of NR TDD should be considered.

Proposal 3: Unbalance problem raised by limited LTE frequency resources sharing by NR and LTE should be considered for NR-LTE co-existence within the bandwidth of an LTE component carrier.
2.3
RF parameter impacts

In LTE applications, additional SEM requirements may be applied when the network signals UE with Additional Maximum Power Reduction (A-MPR). For UE Power Class 1, 2 and 3 the specific requirements are specified in Table 6.2.4-1 of [8] along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified in Table 6.2.4.-1 to 6.2.4-15 are in addition to the allowed MPR requirements. These requirements are dependent on frequency bands, location and numbers of RB. Take the below Table 6.2.4-4 of 36.101 as an example, A-MPR requirements for "NS_04" for Power Class 3 UE can be seen that the A-MPR values are not only related to the RB numbers allocated but also related to the RB start position. Considering that the frequency resources are confined to a much narrow range and allocated at the edge location of the frequency band for the legacy LTE in the NR-LTE co-existence scenarios, the A-MPR values of the legacy UE will be larger than the original ones. Hence, the influenced maximum transmit power of UE will lead to the variation of network coverage.
Table 6.2.4-4 of 36.101: A-MPR requirements for "NS_04" for Power Class 3 UE
	Channel bandwidth [MHz]
	Parameters



	5
	Fc [MHz]
	≤ 2500.5
	> 2500.5

	
	RBstart
	0 - 8
	9 – 24
	0 - 24

	
	LCRB [RBs]
	> 0
	> 0
	> 0

	
	A-MPR [dB]
	≤ 2
	0
	0

	10
	Fc [MHz]
	≤ 2504
	> 2504

	
	RBstart
	0 - 8
	9 - 35
	36 - 49
	0 - 49

	
	LCRB [RBs]
	≤ 15
	> 15 and < 25
	≥ 25
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 45
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 2
	≤ 1
	0
	0

	15
	Fc [MHz]
	≤ 2510.8
	> 2510.8

	
	RBstart
	0 - 13
	14 – 59
	60 – 74
	0 - 74

	
	LCRB [RBs]
	≤ 18 or ≥ 36
	> 18 and < 36
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	≥ 62
	N/A 
	N/A


	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 1
	0
	0

	20
	Fc [MHz]
	≤ 2517.5
	> 2517.5

	
	RBstart
	0 – 22
	23 – 76
	77 – 99
	0 - 99

	
	LCRB [RBs]
	≤ 18 or ≥ 40
	> 18 and < 40
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	≥ 86
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 1
	0
	0

	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Observation 5: When frequency resources are confined to a much narrow range and allocated at the edge location of the frequency band for the legacy LTE in the NR-LTE co-existence scenarios, the A-MPR values of the legacy UE will be larger than the original ones. It will cause the variation of UE maximum transmit power and thus lead to the change of network coverage.
Proposal 4: Potential impacts on RF parameters such as A-MPR requirements should be considered for NR-LTE co-existence within the bandwidth of an LTE component carrier.
3 Conclusion

In this proposal, NR-LTE co-existence mechanisms for supporting 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 are discussed. The potential impacts to legacy devices, co-existence scenarios and RF parameter analysis are provided. Based on the discussions, we have the following proposals and observation for NR-LTE co-existence:

Observation 1: For the mechanisms of NR-LTE co-existence, in order to 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, FDM manner is more suitable than TDM  manner.
Observation 2: The resource blocks allocated for LTE will be confined in part of entire frequency bandwidth when considering NR-LTE co-existence within the bandwidth of an LTE component carrier. There are potential impacts to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR.
Proposal 1: FDM manner is suggested to be considered for co-existence of LTE and NR within the bandwidth of an LTE component carrier.

Observation 3: The scenarios for NR-LTE co-existence within the bandwidth of an LTE component carrier are limited to NR TDD spectrum, with the spectrum usage restricted to DL only in NR-LTE UL sharing mode and UL only in NR-LTE DL sharing mode. The channel reciprocity in NR TDD spectrum will be degraded. SDL spectrum can only be used in NR-LTE UL sharing mode. 
Observation 4: If the limited LTE frequency resources (UL or DL) are shared by NR and LTE, it will cause the unbalance problem between UL and DL resource allocation.

Proposal 2: Potential impacts on the UL only or DL only spectrum usage of NR TDD should be considered.

Proposal 3: Unbalance problem raised by limited LTE frequency resources sharing by NR and LTE should be considered for NR-LTE co-existence within the bandwidth of an LTE component carrier.
Observation 5: When frequency resources are confined to a much narrow range and allocated at the edge location of the frequency band for the legacy LTE in the NR-LTE co-existence scenarios, the A-MPR values of the legacy UE will be larger than the original ones. It will cause the variation of UE maximum transmit power and thus lead to the change of network coverage.
Proposal 4: Potential impacts on RF parameters such as A-MPR requirements should be considered for NR-LTE co-existence within the bandwidth of an LTE component carrier.
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                  (b) Time Division Multiplexing
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Frequency Division Multiplexing
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