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Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we share our views on the remaining issues on NR-LTE co-existence.
Discussion
RB alignment between LTE and NR
In RAN1 NR Ad-hoc 1706 meeting, the following was agreed [1],
	Agreements:
	In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
o	Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
o	Scheme 2: Allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 


And the above agreement was reflected in TS 38.104 [2], as follows,
	[bookmark: _Hlk514075025]The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.  
NOTE:	The position of an RF channel can be identified through other reference points than the channel raster, such as “point A” defined in TR 38.211 [9].
For SUL bands and Bands n1, n2, n3, n5, n7, n8, n20, n28, n66 and n71 defined in table 5.2-1, 
	FREF_shift = FREF + Δshift,  Δshift = 0 kHz or 7.5 kHz
where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [11]. 


The option of 7.5 kHz frequency shift enables subcarrier alignment with LTE, and it seems straightforward to also support RB alignment with LTE, see Figure 1.
[image: ]
[bookmark: _Ref510526230]Figure 1: RB alignment considering only the 7.5 kHz frequency shift
However, in NR, there is another shift at baseband, i.e. , as defined in subclause 5.3.1 of TS 38.211 [3],
	[bookmark: _Toc516767267]5.3.1	OFDM baseband signal generation for all channels except PRACH




The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	


It can be seen from the expression of  that in case  is an odd number, the term  will never be an integer multiple of  (regardless of other configurations), i.e. the frequency shift introduced by  will never be an integer multiple of RBs, resulting in RB misalignment between the NR carrier and the LTE carrier, as illustrated in Figure 2.
[image: ]
[bookmark: _Ref525119153]Figure 2: RB misalignment considering both the 7.5 kHz frequency shift and 
RB misalignment makes it very inefficient for the sharing of UL resources between NR and LTE, especially when this is viewed from the system perspective where multiple UEs are allocated resources on the NR/LTE carrier. The situation is even worse when frequency hopping is enabled. 
[bookmark: _GoBack]One simple way of achieving RB alignment is to introduce an additional frequency shift, e.g.  kHz (where  is  with ), at either baseband or RF, in order to cancel the effect of half RB shift in case of 15 kHz subcarrier spacing.
Proposal 1: Ask RAN4 to introduce an additional frequency shift,  kHz (where  is  with , and  is defined in subclause 5.3.1 of TS 38.211), for the RF reference frequency, i.e. change the term  in subclause 5.4.2.1 of TS 38.104 as follows,

Conclusion
In this contribution, we discuss the remaining issues on NR-LTE co-existence, and make the following proposal:
Proposal 1: Ask RAN4 to introduce an additional frequency shift,  kHz (where  is  with , and  is defined in subclause 5.3.1 of TS 38.211), for the RF reference frequency, i.e. change the term  in subclause 5.4.2.1 of TS 38.104 as follows,
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