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1	Introduction 
Dynamic spectrum sharing is an important feature that allows for sharing existing spectrum between the LTE and NR carriers, thus enabling smoother transition from LTE and faster adoption of NR. As an example, the following WIs were agreed recently to enable dynamic spectrum sharing in the following TDD bands: band 41/n41 frequency range [1], band 48/n48 frequency range [2], band 38/n38 frequency range [3] and band 40/n40 frequency range [4].
Amongst a number of prerequisites for running LTE and NR within the same frequency band, either FDD or TDD, an operator has to ensure that the NR synchronization blocks do not overlap with LTE reference signals. As was identified already during the band 41/n41 DSS WI and further discussed during the band 48/n48 and band 40/n40 DSS WI, NR synchronisation pattern C used for TDD bands fully overlaps with 4-port LTE CRS transmissions thus potentially preventing operators from using efficiently DSS with 4-port LTE deployments. This issue was raised again during the RAN4#96 meeting in the context of two NR TDD bands where the DSS feature is requested by operators – band n48 and band n40 – and was discussed even in different email discussion threads. To avoid duplicated discussions, several companies expressed the preference to have a common approach or solution for this problem.
In this discussion paper we explain further the problem and ask RAN TSG to address it. 


2	Sync pattern for dynamic spectrum sharing 
[bookmark: _Toc13821307][bookmark: _Toc13823307]2.1	Background
As discussed during the previous RAN WG4 meetings, there can be overlaps between the LTE CRS and NR SSB transmissions while sharing the same carrier between the LTE and NR technologies. As can be seen from the Figure 2.1-1 below, existing NR synchronization pattern C used for NR TDD bands still can work for 1 and 2 port LTE transmission because the corresponding NR SSB can be transmitted in LTE OFDM symbols #1-2 and #8-9. However, if LTE uses 4 antenna port transmission, then all the sync pattern C NR SSB transmission opportunities overlap with the LTE CRS symbols. 
Observation 1a:	NR sync pattern C can work with 1-2 port LTE deployments, but 4-port LTE CRS transmission will collide with all NR SSB instances.
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Figure 2.1-1: LTE CRS and NR SSB transmissions for 1ms sub-frame.
It also worth noting that 4-port LTE transmission is a widely deployed feature, which is also commonly supported by different UE vendors. Figure 2.1-2 below shows MIMO activation statistics gathered from three major US carriers for the LTE 4x4 MIMO capable devices. The statistics is based on total number of 2x2 and 4x4 MIMO activations for the period of one month, which was collected from 4x4 MIMO capable UEs and divided by the number of UEs, i.e. it can be construed as average number of LTE MIMO activations per UE. As can be seen from the picture, in all the major networks LTE 4x4 MIMO is being aggressively activated (and reasons for only 2x2 MIMO activation are multi-fold, e.g. coverage, site support, etc). It is also worth noting that since every operator has a different number of UEs, deployments, and MIMO activation strategies, the figure naturally shows different average number of MIMO activations per a UE. Nevertheless, the relative ratio between 2x2 and 4x4 MIMO is very close across all the operators showing importance of the 4-port LTE transmission modes.
Observation 1b:	4-port LTE transmission modes are widely supported by UEs and used in commercial deployments.


Figure 2.1-2: Average number of LTE MIMO activations.


2.2	Potential solutions
One approach for running DSS with NR and 4-port LTE could be just let NR SSB and LTE CRS transmissions to collide. It is however not clear what the final performance will be and how severe degradation it will cause. Since LTE CRS are transmitted much more often than NR SSB, one can surmise that LTE impact will not be large. However, it is not entirely clear how big performance degradation the NR system will experience because all the SSB transmissions will be tainted by LTE CRS.  
Observation 2a:	It is in principle possible to let NR SSB to collide with LTE CRS. 
Observation 2b:	However, the negative impact to both technologies is unknown, especially for NR since all the SSB transmissions will collide with LTE CRS. 
Another potential solution is to avoid LTE CRS and NR SSB overlaps by leveraging LTE MBSFN sub-frames so that LTE CRS can be muted in those sub-frames where NR SSB is expected. However, the problem is that LTE MBSFN configuration allows to mute only specific sub-frames, which are not the ones where NR SSB can be sent. Figure 2.2-1 below presents TDD configurations #1 and #2, from which one can see that the LTE MBSFN can be enabled for sub-frames #3-4 and #7-8, but the NR SSB can be transmitted only in the first symbols of the half-sub-frame.  
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Figure 2.2-1: LTE MBSFN and NR SSB transmissions for 10ms frame.
Even if it were possible to mute LTE CRS with the LTE MBSFN feature, it would result in blanking the whole sub-frame. Referring to Figure 2.2-1, we will need to blank 4 DL sub-frames which it will be possible to use for NR transmission, but which cannot be used anymore for LTE. Firstly, it diminishes the whole value of the DSS feature that aims at dynamic symbol level resource sharing between LTE and NR, and secondly, that will limit amount of resources that can be allocated to the LTE carrier. Since there will be more LTE terminals during initial NR deployment phases, the LTE performance will be unnecessarily limited by blanked sub-frames, while there is no guarantee that the available resources will be used by NR devices.
Observation 2c:	Since candidate LTE MBSFN sub-frames do not overlap with OFDM symbols where NR SSB is transmitted, LTE MBSFN cannot be considered as a viable solution to avoid overlaps (unless some further changes are introduced impacting other WGs).	
Observation 2d:	Blanking LTE sub-frames with the MBSFN feature will diminish the whole point of the DSS feature as it will result in almost static partitioning of resources between LTE and NR.
Another solution is to consider sync pattern B because at least one NR SSB instance will not collide with LTE CRS transmission. However, as discussed earlier in RAN WG4, there are several concerns with that approach which mostly relate to the fact that some TDD bands, where DSS is being considered, overlap with other bands where only pattern C will be used. As a result, adding sync pattern B might delay cell search time because a UE may not know a-priori whether it should scan for sync pattern B or C. For instance, as can be seen from Figure 2.2-2 band n48 overlaps with band n77 and band n78. On the other hand, it was also noted that overlapping bands usually belong to different geographical areas, e.g. band n48 and n77/78, band n38 and n41, and thus a UE can apply further optimisations based on its SIM subscription information and location data. Furthermore, a UE anyway has to run multiple hypothesis while performing cell search because NR may have 15/30kHz SCS deployments. 
Observation 2e:	Adding synchronisation pattern B can minimise impact of collision between NR SSB and LTE CRS.
Observation 2f:	The main concern is that enabling synchronisation pattern B might result in larger cell search time if a particular TDD band overlaps with another band that uses only pattern C.  
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Figure 2.2-2: 3GPP NR TDD bands n38, n40, n41, n48, n77, n78, and the C-band.
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3	Conclusions
In this discussion paper we have presented our view on the problem of the synchronisation pattern for the dynamic spectrum sharing between LTE and NR when 4-port LTE transmission is used. As presented in the paper, 4-port LTE transmission is a widely deployed feature common supported by UEs, which becomes even more important for those TDD bands where a relatively small channel bandwidth can be allocated to the operator. And since all the NR SSB instances of the synchronisation pattern C collide with LTE CRS, we ask RAN WGs to consider a solution that would enable the DSS feature with 4-port LTE transmissions.
Proposal:	We ask TSG RAN to support the interference avoidance between NR SSB burst set and LTE using 4-port CRS transmission.
[bookmark: _GoBack]As mentioned in the Introduction part, this problem was discussed in two different email threads during the RAN4#96 meeting. To avoid duplicated discussions for every NR TDD band in which DSS can be used with 4-port LTE transmission, we suggest handling this topic as a common solution.  Depending on the anticipated scope of potential enhancements, we consider either extending Rel-17 DSS enhancements WI or instantiating a new study/work item. 
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Average number of LTE MIMO activations per UE / month

Operator #1	2x2 MIMO	4x4 MIMO	15126742.359529931	103407945.90624076	Operator #2	2x2 MIMO	4x4 MIMO	18792096.959940653	156204265.83707201	Operator #3	2x2 MIMO	4x4 MIMO	38627870.806809187	205855873.7531319	
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