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1	Introduction
RAN4 has agreed asymmetric UL/DL UE single carrier bandwidths will be supported in NR, in RAN4#83, in Hangzhou. [1] This contribution provides initial considerations, relevant analysis and a proposal for a minimum scope in asymmetric CH BWs operation.

2	Discussion
The following aspects have been analysed in this contribution. 
TDD mode:
· LO frequency for TX and RX
· SEM

FDD mode:
· TX/RX separation
· REFSENS

Applicability:
· For which bands
· Optional/mandatory
General considerations:
Asymmetric UL/DL has been agreed as one of NR features [1]. Main benefits of asymmetric UL/DL are to avoid sometimes cumbersome CA configurations and, even more importantly, to optimize spectrum utilization. RAN1/RAN4 have been studying if/how the guard band between carriers could be minimized. So far, it is unknown how much the guard band(s) in the gap(s) can be reduced from the LTE legacy values and in addition, if this potential reduction should be done by adding RBs in the gap or by moving the carriers closer to each other. Thus, making guard bands at outer edges larger.
We note that currently the support for DL intra-band class C CA, as an example, usually requires support of 25, 30, 35, and 40MHz in total RF BW. In addition, we note that at least so far, the most typical scenario in intra-band CA is DL CA. It is envisioned that also in future, LTE intra-band CA shall be used in together with NR, hence supporting larger BW’s for DL is “built-in” for NR.
TDD mode:
LO frequency for TX and RX
In TDD with symmetric UL and DL bandwidth, TX and RX have the same center frequency. In other words, the LO frequency for TX and RX is the same. For asymmetric case with unequal TX and RX bandwidth, the situation is different if it is desired to keep the LO in the middle of CC in UL and DL. One can either use two LO’s or change the LO frequency between each TX and RX frame. We note that this is exactly similar situation to intra-band contiguous CA with 1UL and xDL CC.
SEM
To meet the SEM for single CC one cannot use just a single fixed frequency LO in the middle of the DL, resulting in LO not in the middle of the UL. IMD’s caused by LO and own signal and/or own signal and image fall outside the single CC SEM. This is similar situation to 1UL/xDL intra-band contiguous CA.
In conclusion, asymmetric UL/DL BW in TDD mode does not differ from 1UL/xDL intra-band contiguous CA from th RF perspective. Thus, asymmetric UL/DL BW does not burden implementation compared with 1UL/xDL intra-band contiguous CA.
Conclusion 1: Asymmetric UL/DL BW in TDD mode does not burden implementation compared to 1UL/xDL intra-band CA
[bookmark: _Hlk484682494]Proposal 1: In each TDD band, a single UL CC can be narrower than the corresponding DL CC
FDD mode:
TX/RX separation
With symmetric UL/DL BW the TX/RX separation is always fixed and FDD band specific. With asymmetric UL/DL BW the TX/RX separation can vary for each UL/DL combination for each band. The following figure 1, illustrates CH BW combination options for asymmetric operation. Note that not all potential scenarios are covered and the BWs below are just an example. 
Let’s assume that an operator owns 2*40MHz spectrum, illustrated in option A where active CC is marked with continuous line and dashed line represents the maximum configurable CC width.
 [image: ]
Figure 1Asymmetric CH BW options
Option A represents situation with symmetric UL/DL. Options B, C, and D utilize flexibility to assign narrower UL inside the original 20MHz UL CC. Option E utilizes the possibility to employ wider DL, which in this is wider than 20MHz DL CC. Basically, in all other options besides in option D the TX-RX separation is equal or larger than in baseline option A. In that case the narrower UL, even a bit closer to DL causes in some cases less noise to RX compared with original UL. We consider each of these feasible, subject to some further REFSENS studies described below.
A common feature for all options above is that the UL is confined within the original 20MHz CC UL. In maximum bandwidth-agnostic form this can be written as “For FDD band single CC operation, a UE UL CC can be narrower than UE DL CC. The UL CC shall be confined within the paired frequency range of the DL CC, separated by the default Tx-Rx separation.”
Proposal 2: At least scenarios B, C, D, and E shall be allowed for NR
[bookmark: _Hlk484682378]Proposal 3: For FDD band single CC operation, a UE UL CC can be narrower than UE DL CC. The UL CC shall be confined within the paired frequency range of the DL CC, separated by the default Tx-Rx separation 
REFSENS
In FDD, transmission and reception are concurrent; hence TX/RX separation is an important parameter that together with the RF, characterise the amount of TX noise at RX band. The smaller TX/RX separation the more PA noise leaks into RX. Similarly, the smaller TX/RX separation the higher RFIC noise at RX band and RX phase noise are. Increased TX noise degrades REFSENS. However, if the separation is large enough, the impact is negligible up to a certain extent. We have evaluated the impact of flexible TX/RX separation proposed in proposal 2 to be negligible at least for bands that have relatively large TX-RX separation. The impact for other FDD NR bands shown in NR band list [2] shall be evaluated.
Conclusion 2: The impact of flexible TX/RX separation proposed in proposals 2 & 3 is negligible at least for bands that have relatively large TX-RX separation
[bookmark: _Hlk484682552]Proposal 4: The impact of flexible TX/RX separation for more challenging bands shall be studied during the standardization phase of each band
One of the important aspects is the number of requirements in specifications. For cases, where the requirement does not change compared to symmetrical UL/DL requirement no additional requirements should be needed. This is aligned with for instance inter-band CA REFSENS requirements, where the REFSENS for the bands whose UL is not active apply independent of the UL BW of the bands whose UL is active.
APPLICABILITY:
As this feature is agreed to be part of NR R15 [1] we propose that this feature would be mandatory and applicable for all bands that have asymmetric UL/DL requirements. 
Proposal 5: Flexible UL/DL BW shall be mandatory feature from R15 NR and applicable for all bands that have requirements defined accordingly
3	Conclusions
[bookmark: _GoBack]Initial considerations on asymmetric UL/DL BW are provided with the following conclusions and proposals for approval.

Conclusion 1: Asymmetric UL/DL BW in TDD mode does not burden implementation compared with 1UL/xDL intra-band CA

Proposal 1: 	In each TDD band, a single UL CC can be narrower than the corresponding DL CC
Proposal 2: 	At least scenarios B, C, D, and E shall be allowed for NR
Proposal 3: 	For FDD band single CC operation, a UE UL CC can be narrower than UE DL CC. The UL CC shall be confined within the paired frequency range of the DL CC, separated by the default Tx-Rx separation 
Conclusion 2: The impact of flexible TX/RX separation proposed in proposal 2 & 3 is negligible at least for bands that have relatively large TX-RX separation

Proposal 4: 	The impact of flexible TX/RX separation for more challenging bands shall be studied during the standardization phase of each band
Proposal 5: 	Flexible UL/DL BW shall be mandatory feature from R15 NR and applicable for all bands that have requirements defined accordingly
4	References
[1] 	R4-1706321,	 “WF on Maximum Channel Bandwidth”, Qualcomm
[2] R4-1706325, “Proposed NR frequency range and band combination”, NTT DOCOMO
image1.tiff
.

.

.

.

.

R

e I I
D I
.
D I
.
D I
I R
B
X I





