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1
Introduction

In RAN4#86, the new WI on LTE/NR spectrum sharing in band 48/n48 frequency range was approved; the objectives of the WI are defined in the following [1].

· Channel raster: Confirm that NR channel raster can be aligned with LTE center frequencies [RAN4]; 

· UL shift: Investigate whether the 7.5kHz sub-carrier shift has any impact on the needed guard between LTE and 30kHz SCS NR. Specify the shift only if there is a clear benefit [RAN4];

· Sync raster: Check mechanisms to avoid overlapping transmissions between NR SSB and LTE CRS. Apply changes to ensure non overlap of NR SSB and LTE CRS if determined that solutions with existing specifications are insufficient [RAN4].

In RAN4#94-e meeting, different views on the above objectives were presented [6-12] and the following options have been summarized for further discussion in RAN4#94-e-bis.
a)
Channel raster:
-
If 300 kHz raster is kept (Option 1): spectrum allocation is done by SAS and is not controlled by operator; there is no guarantee that allocated spectrum will be on 300kHz raster; implementation specific workarounds are not clear and might result in performance degradation;

-
If 100 kHz raster is added (Option 2): changing existing channel raster design; changing GSCN entries.

b)
UL shift:
-
The majority of companies preferred not to mandate UL shift for band n48;

c)
Sync pattern:
-
For option 1 (Keep existing pattern C): The major concern is that 4-port LTE transmission will be possible only in non-DSS deployments, but it shall be deactivated if DSS is enabled, which is not preferred by operators who plan to deploy 4-port LTE in band n48;

-
For option 2 (Keep existing pattern C and adopt LTE MBSFN): The main concern is that it will impact CBRS specs and other 3GPP WGs;

-
For option 3 (Adopt pattern B): The main concern is that adoption of sync pattern B will conflict with band n77 design (and thus further impacting power consumption and cell search time).
In this contribution our views on band 48/n48 spectrum sharing are further presented.

2
Discussion

Channel Raster
In RAN4#94-e meeting, two raster options have been discussed whether to introduce 100 kHz channel raster for NR band n48 aligned with E-UTRA band 48 or not. Option 2 is called 300 kHz raster as 100 kHz E-UTRA raster and 30 kHz NR raster are aligned at any integer multiple of 300 kHz. Such exact alignment is available only for one out three channel blocks. In order to utilize the maximum transmission bandwidth configuration for a given channel bandwidth, the transmission bandwidth configuration shall be configured as symmetric as possible in the given channel bandwidth, otherwise a PRB blanking is needed to fulfil the minimum guard band criteria. Supporting the maximum transmission bandwidth configuration in all channel blocks is extremely important for 10 MHz channel bandwidth with 30 kHz SCS, because CORESET requires 24 PRB, which is the same as the maximum transmission bandwidth configuration. 

Observation 1: The transmission bandwidth configuration shall be configured as symmetric as possible to support the maximum transmission bandwidth configuration.

The following illustration shows an example of channel block 3560-3570 MHz. E-UTRA transmission bandwidth is configured symmetrically inside the channel bandwidth and is centered at 3565 MHz. The NR transmission bandwidth configuration is centered at 3564.99 MHz, which is 10 kHz off from the center of the block (3565 MHz) to have an integer multiple of 30 kHz. The leftmost PRB still has the minimum 665 kHz guard band required for 30 kHz SCS. Thus, the PRB blanking is not needed.
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Figure 1: Minimum guard band for CORESET (Example of 3560-3570MHz).

The perfect raster alignment between NR and LTE without frequency offset can ensure the frequency orthogonality if the same SCS is used. However, for 30 kHz SCS for NR, there is no orthogonality with LTE and thus it anyway requires a guard band between NR and LTE PRBs if both are transmitted simultaneously. Thus, it is not required to exactly align the rater for NR and LTE. As illustrated above, there can be at most a residual 10 kHz offset between NR and LTE raster if 30 kHz channel raster is deployed in band n48.
Observation 2: Any 30 kHz NR channel raster can be used for DSS operation with 100 kHz LTE channel raster; it is not restricted to 300 kHz.
Therefore, there is no need to change the channel raster in the current RAN4 technical specifications.

Proposal 1: NR channel raster for n48 is kept as it is already in the RAN4 specs.
Uplink Shift

For 30 kHz NR SCS, there is not frequency orthogonality with 15 kHz LTE SCS. The uplink subcarrier shift of 7.5 kHz does not help to have the same subcarrier grid for NR and LTE for efficient physical resource allocations. Therefore, we conclude that the uplink subcarrier shift does not need to be introduced. 

Proposal 2: Uplink subcarrier shift is not introduced to n48.

Sync Pattern

If the same channel bandwidth is shared between NR and LTE, it is also required (both UL and DL) that transmissions have no conflict between NR and LTE, i.e., the same physical resource shall not be allocated simultaneously. For UL it is easy to share one channel bandwidth using FDM. For DL, LTE CRS puncturing has been introduced so that NR PSDSCH can be transmitted without conflict with LTE CRS. Regarding the common DL channels such as synchronization and reference signals as well as PBCH, one option is to use LTE MBMS subframe to avoid the conflict; however, this approach is not very useful for TDD band in the current specifications and would require some changes in RAN1 specs. Another option is to use sync pattern B, which has been already introduced for the coexistence of 30 kHz NR SCS and 15 kHz LTE SCS for band n5 and n66.

If you compare pattern B and C (illustrated below), we observe that 
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· Pattern B allows for LTE 4 port CRS configuration where Pattern C does not. 

· If only 2 port LTE CRS transmission is used, then pattern C would allow up to 4 SSB.

As we observed operator’s demand to use 4-port transmission in LTE in RAN4#94-e meeting, we analyse an impact of coexistence of Sync Pattern C and 4-port LTE CRS in the following.

One possible solution is to consider puncturing of NR SSB when collisions of Pattern C occur with 4-port LTE CRS. This will yield 8 NR SSB symbols requiring puncturing per PRB. Independent of the SSBs chosen for transmission symbols 0 and 1 of the SSB would require the puncturing of 4 symbols per PRB where symbol 0 corresponds to PSS transmission and symbol 1 corresponds to PBCH. Expectation from puncturing on these symbols is some impact to cell synchronization and PBCH decoding procedures. Additionally, it should be considered that non orthogonality between LTE CRS transmissions and SSB would also impact SSB performance. The above factors would impact cell search and synchronization for any NR cell where 4 port LTE CRS is employed, i.e., this would also impact mobility.
Observation 3: Only with sync pattern C, 4 port LTE CRS can be still deployed if NR SSB/PBCH puncturing is used without loss in LTE performance, however, the significant performance loss is expected in NR cell search.

On the other hand, adding pattern B to the sync raster is expected to have a smaller impact in performance. There is no expected loss in NR cell detection and PBCH demodulation performance. However, due to multiple sync pattern hypothesis, UE may require more computational power (or time) and thus consume more battery power in cell search. Such a side effect is negligible in UE in network coverage because the cell search is not frequently performed. The main concern may be the out-of-coverage use case, where UE may keep searching for a cell to camp on. 

Observation 4: Addition of sync pattern B will benefit the deployment of 4 port LTE CRS without performance impact in NR cell search while it may have certain impact to UE implementation (such as power consumption, etc.) due to multiple hypothesis in sync detection.
Nevertheless, we have already introduced multiple sync patterns to band n5, n41, and n66, thus we expect that UE implementation can be already optimized to cope with this issue. In order to support 4 port transmission in LTE, it is recommended to add pattern B to band n48.

Proposal 3: It is proposed to add pattern B to the sync raster to support 4 port LTE.

Although the sync pattern harmonization with band n77 will be lost by adding sync pattern B to n48, such harmonization across bands is not a strict prerequisite in sync pattern design of bands as far as more benefit is there.
3
Conclusions 

In this contribution, n48 DSS has been discussed.
Observation 1: The transmission bandwidth configuration shall be configured as symmetric as possible to support the maximum transmission bandwidth configuration.

Observation 2: Any 30 kHz NR channel raster can be usable for DSS operation with 100 kHz LTE channel raster; it is not restricted to 300 kHz.
Proposal 1: NR channel raster for n48 is kept as it is already in the RAN4 specs.

Proposal 2: Uplink subcarrier shift is not introduced to n48.

Observation 3: Only with sync pattern C, 4 port LTE CRS can be still deployed if NR SSB/PBCH puncturing is used without loss in LTE performance, however, the significant performance loss is expected in NR cell search.

Observation 4: Addition of sync pattern B will benefit the deployment of 4 port LTE CRS without performance impact in NR cell search while it may have certain impact to UE implementation (such as power consumption, etc.) due to multiple hypothesis in sync detection.

Proposal 3: It is proposed to add pattern B to the sync raster to support 4 port LTE.
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