3GPP RAN WG4 Meeting #93	R4-1915312
Reno, USA, 18th ‒ 22th November 2019 

Agenda item:	10.29
Source:            	Google Inc.
Title:                	Views on dynamic spectrum sharing between LTE band 48 and NR band n48
Document for:	Approval
Introduction
In RAN4#92bis meeting, a generic method to enable dynamic spectrum sharing (DSS) to refarming band was discussed. A Way Forward [2] on DSS between NR and LTE refarming band has been proposed but it was not approved in that meeting. Therefore, in this paper, we would like to share our views on dynamic spectrum sharing between LTE band 48 and NR band n48.
Discussion
General
Band 48 (3550MHz to 3700MHz) is a special band which is exclusive for Citizens Broadband Radio Service (CBRS) in the US. It is not a licensed spectrum and also not an unlicensed spectrum. CBRS Band 48 is the shared spectrum which can be accessed by 3-tier users. According to FCC requirements, Spectrum Access System (SAS) is designed to be a coordinator for spectrum allocation to every registered BS [5]. Due to 5G market rising demand, as a SAS provider, we think it is beneficial to provide more options to our partners for CBRS deployment. In addition to intra-band EN-DC combination for CBRS band, DSS between NR and LTE refarming band is another option for our partners to make CBRS service more attractive. Hence, we share our investigations in the following.
TDD configuration and Numerology 
There is a coexistence workgroup in CBRS alliance which is responsible for specification of coexistence between LTE and non-LTE system. As band 48 is a TDD band, TDD UL/DL configuration is an important parameter for deployment. For LTE CBRS deployment, as shown in Figure 1, the majority of coexistence group decided to use only LTE TDD UL/DL configuration #1 and #2 in TS 36.101 as the baseline. The special subframe (SSF) #7 configuration, which is composed of 10DL/2GB/2UL OFDM symbols, is only supported in the LTE system for CBRS band. For NR CBRS deployment, there is another discussion for NR subcarrier spacing (SCS) in deployment recently. The agreement is to only use 30KHz SCS in NR system. According to CBRS alliance rule, this agreement is still under the ballot process to get final approved. However, we don’t see any objection to this agreement before RAN4#93 Tdoc submission deadline. Hence, we assume only 30KHz SCS is supported in NR system for CBRS band in the following discussion. Based on only 30KHz SCS supported in NR system, there is also an agreement for NR TDD UL/DL configuration in Figure 1. In order to align with SSF 7 in the LTE system, the “F” slot means 6DL/4GB/4UL OFDM symbols in NR TDD UL/DL configuration.
Observation 1: LTE TDD UL/DL configuration #1 and #2 are considered as the baseline in CBRS band for LTE and NR system deployment. 
Observation 2: Until RAN4#93 Tdoc submission deadline, 30KHz is the only SCS supported in CBRS band for NR system deployment.  
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Figure 1.  LTE TDD and NR TDD UL/DL configuration for CBRS band 
DSS from DL perspective
From DSS DL perspective, the sync raster and channel raster were discussed in the WF [2] last meeting. We share our views about DSS between LTE 15KHz SCS and NR 30KHz SCS in the following.
Sync Raster
In LTE, SS and PBCH are located in the center of the carrier frequency which implies that the channel raster can be used for SS/PBCH and data. However, in NR, SSB can be placed anywhere as long as in the channel bandwidth. In this situation, there should be a sync raster which is different from the channel raster to be defined for initial search. In 38.101-1, the sync raster is specified in ch5.4.3 and 30KHz SCS SS/PBCH Block (SSB) only support pattern case C for the n48. Whether NR sync raster is located at the same point as LTE channel raster or not, there is no big issue for DSS DL transmission and it can be up to the implementation. However, the most important thing is that how NR SSB can be placed in LTE 15KHz SCS resource grid to avoid collision with LTE CRS. 
Two possible options can be employed for solving this issue. One option is to change SSB pattern from case C to case B. From symbol level perspective, LTE CRSs are required to be placed in 4 OFDM symbols {symbol#0,symbol#4 ,symbol#7,symbol#11} or 6 OFDM symbols {symbol#0,symbol#1,symbol#4 ,symbol#7,symbol#8, symbol#11} in a subframe. In order to accommodate four 30KHz symbol length SSB without collision to LTE CRS, two contiguous 15KHz SCS OFDM symbols without CRS need to be found in a subframe. When a BS configure 1 or 2 antenna port for DL transmission, {symbol#1,symbol#2} && {symbol#8,symbol#9} are the valid SSB candidate positions in case C and {symbol#2,symbol#3} && {symbol#8,symbol#9} are the valid SSB candidate positions in case B. But when a BS configure 4 antenna ports for DL transmission, only {symbol#2, symbol#3} in case B is the valid SSB candidate position without collision to LTE CRS. Therefore, in general consideration, SSB pattern case B is more suitable than case C for DSS DL transmission.
The other option is to use Multicast Broadcast Single Frequency Network (MBSFN) configuration. From signaling perspective, as shown in Figure 2, LTE BS can configure oneFrame or fourFrames for MBSFN subframe allocation, where the information is broadcasted in SIB2. It is worth to note that only subframe #3/#4/#7/#8/#9 can be configured as MBSFN subframes in TDD band. More specifically, there can be no transmission in these MBSFN subframe allocation and NR BS can schedule SSB transmission without collision to LTE CRS in these MBSFN subframes. For example, as previous discussion for CBRS band, BS can schedule SSB transmission without collision to LTE CRS in MBSFN subframe #4 or #9 for TDD UL/DL configuration #1 and MBSFN subframe #3/#4/#8/#9 for TDD UL/DL configuration #2.
Observation 3: To enable the DSS between LTE band 48 and 30KHz SCS NR band n48, SSB pattern case B or MBSFN configuration can be considered to avoid collision between NR SSB and LTE CRS.
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Figure 2.  LTE MBSFN configuration

Channel raster
In 36.101, the channel raster for CBRS band is 100KHz in LTE but NR support 15KHz/30KHz channel raster in 38.101-1. As previous discussion, we consider 30KHz is the only SCS choice in NR system. It can work well for DSS to get common channel raster, which can be chosen to LCM[100KHz(LTE),30KHz(NR)] = 300KHz as the granularity. However, from DL data transmission perspective, there should be a mixed numerology transmission scenario for LTE 15KHz data and NR 30KHz data. In order to overcome inter numerology interference between LTE 15KHz SCS data and NR 30KHz SCS data, two possible approaches can be used.  
One approach is the TDM approach which can be implemented by the above mentioned MBSFN configuration. That is to say, NR BS can schedule 30KHz SCS data transmission in MBSFN subframe #4/#9 for TDD UL/DL configuration #1 and MBSFN subframe #3/#4/#8/#9 for TDD UL/DL configuration #2. 
The other approach is the FDM method. LTE BS and NR BS can transmit DL data simultaneously but in different frequency portion with the inter numerology guard band in between. The guard band here for DSS DL transmission is not specified in Rel-15 and it can be left for implementation. 
In the TDM approach, due to MBSFN configuration, NR scheduling flexibility may be more limited than the FDM approach. The FDM approach may be less efficient than the TDM approach because the frequency resources in guard band may not be used for data transmission.
DSS from UL perspective
From DSS UL perspective, alignment with previous discussion, there is also a mixed numerology scenario for LTE 15KHz SCS UL data and NR 30KHz SCS UL data. Unlike both LTE and NR is 15KHz SCS scenario, UL 7.5 KHz may not be required for NR 30KHz SCS case. Hence, one possible way to avoid inter numerology interference is to employ inter numerology guard band in frequency domain between LTE UL and NR UL transmission. The guard band here for DSS UL transmission is not specified in Rel-15 and it can be left for implementation. 
Observation 4: Both TDM approach by MBSFN configuration and FDM approach with inter numerology guard band can be considered to avoid inter numerology interference for the mixed numerology DSS transmission.
Conclusion
Since there is still no work item for DSS between LTE band 48 and NR band n48, this paper is only for clarification about CBRS deployment. From the above discussion, it seems to be feasible for DSS in CBRS band between LTE 15KHz SCS and NR 30KHz SCS. Following is our proposals: 
Observation 1: LTE TDD UL/DL configuration #1 and #2 are considered as the baseline in CBRS band for LTE and NR system deployment. 
[bookmark: _GoBack]Observation 2: Until RAN4#93 Tdoc submission deadline, 30KHz is the only SCS supported in CBRS band for NR system deployment.  
Proposal 1: The work for the DSS between LTE band 48 and NR band n48 should only focus on 30KHz SCS in n48.
Observation 3: To enable the DSS between LTE band 48 and 30KHz SCS NR band n48, SSB pattern case B or MBSFN configuration can be considered to avoid collision between NR SSB and LTE CRS.
Observation 4: Both TDM approach by MBSFN configuration and FDM approach with inter numerology guard band can be considered to avoid inter numerology interference for the mixed numerology DSS transmission.
Proposal 2: Take the above two observations into account when studying the DSS between LTE band 48 and 30KHz SCS NR band n48.
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MBSFN-SubframeConfigList ::= SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-
SubframeConfig
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MBSFN-SubframeConfig information element
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MBSFN-SubframeConfig field descriptions

fourFrames

A bit-map indicating MBSFN subframe allocation in four consecutive radio frames, "1" denotes that the corresponding
subframe is allocated for MBSFN. The bitmap is interpreted as follows:

FDD: Starting from the first radioframe and from the first/leftmost bit in the bitmap, the allocation applies to subframes
#1, #2, #3, #6, #7, and #8 in the sequence of the four radio-frames.

TDD: Starting from the first radioframe and from the first/leftmost bit in the bitmap, the allocation applies to subframes
#3, #4, #7, #8, and #9 in the sequence of the four radio-frames | The last four bits are not used. E-UTRAN allocates
uplink subframes only if eimta-MainConfig is configured.
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oneFrame
"1" denotes that the corresponding subframe is allocated for MBSFN. The following mapping applies:
FDD: The first/leftmost bit defines the MBSFN allocation for subframe #1, the second bit for #2, third bit for #3, fourth
bit for #6, fifth bit for #7, sixth bit for #8.
TDD: The first/leftmost bit defines the allocation for
E-UTRAN allocates uplink subframes only if eimta-MainConfig is configured. The last bit is not used.
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SysteminformationBlockType2 information element
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