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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 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. 
In this discussion paper we explain further the problem and ask RAN WG4 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. 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. 
One solution to this problem is to introduce sync pattern B for band n48. Referring to the same Figure 2.1-1, the sync pattern B NR SSB can be transmitted in LTE OFDM symbols #2-3 even if the 4-port LTE transmission is used.
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 LTE and NR could be just let NR SSB and 4-port 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 it is possible to conclude that it will have worse impact on NR rather than LTE.  
Observation 2a:	Letting NR SSB to collide with LTE CRS has unknown negative impact on both technologies, but NR impact will be worse because LTE CRS are transmitted more often. 
One of the potential solutions to avoid LTE CRS and NR SSB overlaps is to leverage 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 how much resources can be allocated in the LTE network. Since there will be more LTE terminals during initial NR deployment phase, the LTE performance will be unnecessarily limited by blanked sub-frames, while there is no guarantee that the available resources will be allocated to NR.
Observation 2b:	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 2c:	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 an example, as can be seen from Figure 2.2-2 band n48 overlaps with band n77 and band n78. As extensively discussed during the band 48/n48 DSS WI, 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. On the other hand, it was also noted that overlapping bands usually belong to different geographical areas, e.g. band n48 and n77/78, and thus a UE can apply further optimisations based on its SIM subscription information and location data.
Observation 2d:	Adding synchronisation pattern B will avoid collision between NR SSB and LTE CRS.
Observation 2e:	The main concern is that enabling synchronisation pattern B might cause 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 further views 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 WG4 to consider a solution that would enable the DSS feature with 4-port LTE transmissions.
Proposal:	We ask RAN WG4 to devise a solution that would enable dynamic spectrum sharing between NR and LTE using 4-port CRS transmission.
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Annex A (excerpt from TS 38.101-1)
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high

	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n14
	788 MHz – 798 MHz
	758 MHz – 768 MHz
	FDD

	n18
	815 MHz – 830 MHz
	860 MHz – 875 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n26
	814 MHz – 849 MHz
	859 MHz – 894 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n29
	N/A
	717 MHz – 728 MHz
	SDL

	n303
	2305 Mhz – 2315 MHz
	2350 MHz – 2360 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n3810
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n4711
	5855 MHz – 5925 MHz
	5855 MHz – 5925 MHz
	TDD10

	n48
	3550 MHz – 3700 MHz
	3550 MHz – 3700 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n53
	2483.5 MHz – 2495 MHz
	2483.5 MHz – 2495 MHz
	TDD

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	FDD4

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n7712
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL

	n89
	824 MHz – 849 MHz
	N/A
	SUL

	n90
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD5

	n91
	832 MHz – 862 MHz
	1427 MHz – 1432 MHz
	FDD9

	n92
	832 MHz – 862 MHz
	1432 MHz – 1517 MHz
	FDD9

	n93
	880 MHz – 915 MHz
	1427 MHz – 1432 MHz
	FDD9

	n94
	880 MHz – 915 MHz
	1432 MHz – 1517 MHz
	FDD9

	n958
	2010 MHz – 2025 MHz
	N/A
	SUL




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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