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1	Introduction
In this contribution, the specification impacts of introducing LTE/NR spectrum sharing in Band 41/n41 is discussed.

2	Discussion
2.1 Channel raster and sync raster
At RAN#82, a new work item on LTE/NR spectrum sharing in Band 41/n41 was approved [1]. In the justification of the work item, the issues on the raster misaligned between LTE band 41 and NR band n41 have been presented.
For spectrum efficient and flexible dynamic sharing, PRB alignment of two RATs are preferred with maintaining the frequency orthogonality; however, NR band n41 channel raster has been designed to be SCS-based to achieve the efficient wideband operation, i.e., to align sub-carrier grids for all the nested channel bandwidths as well as adjacent contiguous channel bandwidths. On the hand, LTE band 41 channel raster is based on legacy 100 kHz. Thus, two RATs may not be always sub-carrier aligned even when the same numerology of 15 kHz SCS is commonly used; hence the frequency orthogonality may be broken between LTE and NR PRBs.
Furthermore, the sync raster has been designed to support SCS-based channel raster only; sync raster entry is placed every 1200 kHz, although three entries per 1200 kHz (i.e., repetitions of +/-100 kHz in Table 5.4.3.1-1 of TS 38.104 with M=1,3,5) is required to support 100 kHz channel raster. The sync raster corresponding to M=3 is the only valid default GSCN for n41 in Rel-15.
In order to enable orthogonal NR and LTE PRB alignment in downlink, the channel raster and sync raster design needs to be modified in a similar way as the one designed for other sub-3 GHz bands.
The uplink subcarrier shift of 7.5 kHz in LTE has not been introduced in NR band by default. It is only specified for the bands that are expected to use SUL operation. This option to enable 7.5 kHz shift shall be introduced to the band n41 if the sub-carrier alignment of uplink LTE and NR PRB are required.
Observation 1: To support orthogonal PRB grids (15 kHz SCS only) between LTE and NR, support of 100 kHz channel raster, repetitions of sync raster +/-100 kHz, and uplink subcarrier shift of 7.5 kHz are required.

One of the issues of such modifications is the sync raster density. In the Rel-15 sync raster discussion, it was agreed to reduce the sync raster density for the sake of UE power consumption in out-of-coverage use cases for the wide frequency bands like band n41, n77, n78, and n79. Enabling repetition of sync raster (M=1,3,5) may have some impacts to UE implementation, such as power consumption and initial cell acquisition and out-of-coverage recovery time. 
Observation 2: For supporting 100 kHz channel raster with GSCN corresponding M=1,3,5, certain impacts to UE implementation are expected.

If we introduce a new sync and channel raster to n41 in Rel-16, then, the legacy UE may not fully utilize them, i.e., the legacy UE may not find a cell defining SSB at GSCN for M=1 and M=5 in the initial cell acquisition or cell reselection or may not support a component carrier placed in a proposed new channel raster. In order to distinguish the UE behavior that is supporting or not supporting the proposed new raster, in particular, for Scell management and handover purpose, UE capability signaling will be required to the network.
Observation 3: Legacy Rel-15 UE may not find the cell defining SSB at GSCN M=1 and M=5 in the cell selection and reselection.
Observation 4: For Scell management and handover purposes, the UE needs to inform the capability of supporting the new raster to the network. 
In the objective of the work item [1], two solutions are presented for further discussion in RAN4.
Solution#1: Create new NR band with requirements to achieve spectrum sharing (LTE and NR) in 2496 – 2690 MHz.

Solution#2: Addition of new requirements addition into n41 as below;
· Introduce 100kHz channel raster support [RAN4]
· Sync raster specification correction [RAN4]
· Introduce UL 7.5kHz frequency shift [RAN4]
* above three requirements are at maximum for RAN4.  If unnecessary, some of requirements may not be added into n41.

The solution #1 is simple as such that a new UE capability signaling specific to the raster support is not required since the support of the new raster is linked to the support the new band. The new band can be specified in Rel-16 and can be introduced from Rel-15 as release independent manner. Therefore, in the standard specification perspective, the solution is simple and clear although there may be concerns regarding the fragmentation of bands among operator deployment and device support. To support both band n41 and the new band, MFBI mechanism can be utilized in the network deploying the legacy raster. However, for an operator deploying the new raster, the new band in principle replaces the band n41 since legacy UEs cannot operate properly in the new raster. 
The solution #2 would require a new UE capability signaling so that the network can distinguish different UE behaviors. The feature cannot be release independent unless all the required signaling is in place in the target release. Thus, a new UE capability signaling is required already in Rel-15, if this feature is necessary from Rel-15 as an optional capability. If the signaling is introduced from Rel-16, the feature cannot be release independent from Rel-15 but will be the feature available from Rel-16. The handling of different UE capabilities in the same network is still challenging if the network deploys the new raster. The legacy n41 UE may not operate properly in n41 network with the new raster. Thus, the network can only configure the legacy raster for the legacy UEs, so this restriction likely ends up redirecting or handover UE to other LTE or NR bands to avoid the mixed UE capability in the network. 
The pros and cons of the above two solutions are summarized in the following table.
	Solution
	Pros
	Cons

	#1 (new band)
	· Specification clarity with release independence
	· Fragmentation of NR bands
· MFBI to support both bands

	#2 (new raster in n41)
	· A single NR band
	· Additional UE capability signaling 
· UE capability fragmentation and challenge in legacy UE handling



2.2 Spectrum sharing scenario and RF/RRM requirement
Although the WID [1] does not clarify if the scope of dynamic sharing of LTE and NR spectrum includes either or both the network and UE perspective, we understand the current scope of the WI to specify the sharing from the network perspective, i.e., a single UE only support LTE carrier(s) or NR carrier(s) in band 41 or band n41. The intra-band EN-DC including both band 41 and n41 can be separately discussed in the relevant EN-DC work items. So far the scope of EN-DC does not include the sharing of carrier for LTE and NR; they must be either contiguous or non-contiguous carriers. The sharing of the carrier is covered in the SUL work item for the uplink sharing from UE perspective. If the UE perspective is required for LTE/NR spectrum sharing, i.e., if the dynamic sharing of carrier between LTE and NR is required for the UE in downlink as well, it shall be further clarified in the WID, or it can be separately proposed as a new work item enabling dynamic sharing from UE perspective.
Observation 5: The scope of LTE/NR spectrum sharing in Band 41/n41 is only for network perspective in the currently approved WID.
Assuming that, the UE is only operated in band 41 or n41 without carrier sharing, thus, there is no specific UE RF or RRM requirement to support this feature.
Observation 6: No impact to UE RF/RRM performance requirement is expected for LTE/NR spectrum sharing.
For the network perspective, BS (or multiple BS) may support both LTE and NR UE in the same carrier. It may be helpful to define certain BS transmitter and receiver performance requirement for the feature. For example, proper behavior in switching and synchronization of two RATs may be helpful in transmitter side. Further, the performance requirement in receiving both RATs in TDM or FDM manner may be useful. However, most of the BS behavior is quite implementation specific. Unless specific requirement is identified mandatory for the feature, this can be left to the BS implementation.
Observation 7: It is for further discussion if BS requirement should be specified or left to implementation.

2.2 Discussion on RAN4#90 Way-forward [7]
In RAN4#90, the compatibility issues on the raster have been analyzed by a number of companies [2-6] and a way-forward was agreed in the following.
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The Alternative #1 proposes extending the use of “frequencyShift7p5khz” for TDD bands in Rel-15 RRC, although it is conditional only for FDD and SUL bands in the latest spec of Rel-15. In order to accept this change, the legacy UE behavior shall be specified such that UE will not try to access the cell with the half sub-carrier shift; otherwise legacy UE behavior is undefined.
Observation 8: The legacy UE behaviors need to be specified for the un-supported frequency shift.
[bookmark: _GoBack]The Alternative #2, it is possible to deploy a cell that cannot be found by the legacy UEs so that the legacy UEs will not camp on this cell by itself. However, the network may redirect or hand off any UE to such a cell in vain, unless network does not know such UE capability. Thus, as far as there are different UE behaviors or capability among releases, w.r.t. the raster support, it is necessary for the UE to signal its capability to the network.
Observation 9: As far as different UE behaviors exist between legacy and Rel-16 UEs (such as uplink subcarrier shift in UL and 100 kHz-based raster support in DL), the UE capability signaling is required such that the network properly handle these different UEs in the same network.
3	Conclusions 
In this contribution, we have made the following observations and proposals.
Observation 1: To support orthogonal PRB grids (15 kHz SCS only) between LTE and NR, support of 100 kHz channel raster, repetitions of sync raster +/-100 kHz, and uplink subcarrier shift of 7.5 kHz are required.
Observation 2: For supporting 100 kHz channel raster with GSCN corresponding M=1,3,5, certain impacts to UE implementation are expected.
Observation 3: Legacy Rel-15 UE may not find the cell defining SSB at GSCN M=1 and M=5 in the cell selection and reselection.
Observation 4: For Scell management and handover purposes, the UE needs to inform the capability of supporting the new raster to the network. 
Observation 5: The scope of LTE/NR spectrum sharing in Band 41/n41 is only for network perspective in the currently approved WID.
Observation 6: No impact to UE RF/RRM performance requirement is expected.
Observation 7: It is for further discussion if BS requirement should be specified or left to implementation.
For the potential two solutions in the WID, we observe the following pros and cons.
	Solution
	Pros
	Cons

	#1 (new band)
	· Specification clarity with release independence
	· Fragmentation of NR bands
· MFBI to support both bands

	#2 (new raster in n41)
	· A single NR band
	· Additional UE capability signaling 
· UE capability fragmentation and challenge in legacy UE handling



Observation 8: The legacy UE behaviors need to be specified for the un-supported frequency shift.
Observation 9: As far as different UE behaviors exist between legacy and Rel-16 UEs (such as uplink subcarrier shift in UL and 100 kHz-based raster support in DL), the UE capability signaling is required such that the network properly handle these different UEs in the same network.
.
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+ To solve the compatibility issue of sulotion#2, verify feasibility
of the following alternative plans
— Alternativetf1: apply the following RRC information to n41 and clarify
the UE behavior in Rel-15 to prevent UE without UL 7.5kHz frequency
shift to access to spectrum sharing NW of n41

* One company declared that this proposal is a NBC (non backward
compatibility change).
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+ To solve the compatibility issue of sulotion#2, verify feasibility
of the following alternative plans
— Alternativet2: deploy SSB of spectrum sharing NW where Rel-15 UE
cannot find it. For spectrum sharing, we need to enable repetition of
sync raster (M=1,3,5) in Rel-16 which has more sync raster entries
compared to Rel-15.

+ Feasibility of this proposal needs to be further verified and it will make
constrains on operator’s NW deployment.

~ Alternativet!3: other solutions are not precluded.
+ Other aspects need further discussion
~ For Scell management and handover purposes, the Rel-16 UE needs to
inform the capability of supporting the 100kHz raster to the network.
* Need new capability in Rel-16 if use n41: Nokia, Qualcomm
+ Not need new capability in Rel-16: Huawe, Samsung, CMCC





