[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 #83 Meeting	R4-1705696
Hangzhou, China, 15 - 19 May 2017

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Alcatel-Lucent Shanghai Bell 
Title:	Channel raster and numbering scheme in NR
Agenda item:		10.3.2
Document for:		Approval
1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this paper, we discuss the channel raster and numbering scheme in the NR.
2	Discussion
E-UTRA channel raster is specified to be 100kHz in E-UTRA. For GSM and UTRA, the raster is 200kHz, however 100kHz offsets are also used in some UTRA bands. When the existing GSM/UTRA/E-UTRA channels are refarmed to the NR, it is possible that operators keep their channel centres not to change the frequency offset from the adjacent channel or adjacent non-3GPP service. This may be necessary to keep the coexistence conditions. There are also cases that a regulator explicitly assign the centre frequency or total channel allocation in a granularity of 100kHz. Therefore, it is most likely required for the NR to support the same channel raster for the existing 3GPP channels.
Observation 1: It is expected the existing channel raster is necessary in the NR to support the refarming.

One of the issues about 100kHz raster is an alignment with subcarrier grid and resource blocks. E-UTRA channel spacing is a multiple of 300kHz when a carrier aggregation is used so that the 15kHz subcarrier grid alignment is maintained. This is needed for better coexistence to reduce the inter subcarrier interference and enable single wideband FFT operation. This aspect will be necessary in the NR raster design, too.
The LS from RAN1 [1] on wideband operating options, it is assumed that some UE can operate with a wideband CC but other UE operates with contiguous CCs in the NR. This is illustrated in Figure 2.


Figure 2: NR wideband operation with wideband CC and contiguous CCs
In the LS, RAN1 indicates that it is beneficial to allow zero guard band within CCs, which means the subcarrier grid alignment and resource block alignment would be required within a wideband CC. Otherwise unused subcarriers among CCs may be unavoidable. Although the relationship of wideband CC with channel bandwidth and carrier aggregation is yet to be agreed in RAN4, it is observed that the alignment of subcarrier grid and RB is a desired feature for supporting wideband operation for flexible and efficient use of spectrum to avoid the guard band.
Observation 2: The alignment of subcarrier grid and RB among channels is desired to support wideband operation.
Table 1 provides the channel spacing requirement for subcarrier grid alignment and resource block alignment for 100kHz channel raster.
Table 1: Channel spacing for subcarrier grid alignment and RB alignment for 100kHz channel raster
	Sub carrier spacing (kHz)
	Channel spacing for subcarrier grid alignment (kHz)
	RB size (kHz)
	Channel spacing for RB alignment (kHz)

	15
	N x 300
	180
	N x 900

	30
	N x 300
	360
	N x 1800

	60
	N x 300
	720
	N x 3600

	120
	N x 600
	1440
	N x 7200

	240
	N x 1200
	2880
	N x 14400



For 100kHz channel raster, the channel spacing for subcarrier grid alignment and RB alignment is quite large especially for the wider subcarrier spacing such as 120 and 240kHz, which are intended for high frequency range above 6GHz. Thus, keeping 100kHz channel raster is not a preferred option to support more flexible usage of the spectrum. More numerology friendly raster is required, i.e., 180kHz or a multiple of 180kHz. 
Up to 86GHz, 180kHz raster may require 19 bits (=Ceiling (Log2(86GHz/180kHz)) for signalling, thus 180kHz granularity does not look like a huge burden even above 6GHz bands are considered since 18 bits are already used for EARFCN including the extended range. Finer raster is preferred from flexible spectrum usage point of view, thus 180kHz would be a good option if the signalling overhead is manageable. Otherwise, the multiple of 180kHz can be used, which could be dependent on the frequency range. (Higher the frequency is, larger the multiple is.)
In summary, we propose the following channel raster for the bands below and above 6GHz.
Proposal 1: Channel raster for the bands below 6GHz shall be 100kHz.
Proposal 2: Channel raster for the bands above 6GHz shall be a multiple of 180kHz.

In E-UTRA, channel raster is 100kHz and sync signal is always placed in the channel center. It is proposed to keep the same concept for the channel raster in the NR, i.e., 
Proposal 3: Channel raster defines the center of the channel bandwidth.
However, this concept is difficult to keep for the sync signal, because the initial system acquisition requires the search over huge number of candidates in very wide NR spectrum like an order of GHz bandwidth range. Much sparser raster is recommended for sync signal so that the initial acquisition time is reasonably short. Thus, it is proposed that the sync signal raster is a multiple of channel rater. It shall be as large as possible to optimize the initial acquisition time; however, we cannot place a channel smaller than the raster. This will be discussed in our separate paper [6].
Proposal 4: Sync signal raster defines the center of the sync signal bandwidth.
Proposal 5: Sync signal raster shall be a multiple of channel raster.



Figure 3: Sync signal raster and channel raster (in this example 10x raster for sync)

Figure 3 shows the relationship of sync signal raster and channel raster. There is an offset from the channel center to the sync signal center. After the sync signal is detected by UE, the system information (i.e., Master Information Block information carried over PBCH) is acquired, which shall indicate not only the system bandwidth (as in E-UTRA) but also the offset (not the case in E-UTRA). This needs to be further checked with RAN1/RAN2 about possible impacts in their design (such as increase of MIB size, etc).
Proposal 6: RAN4 asks RAN1/RAN2 if RAN4 can proceed with the above assumptions on sync and channel raster concept.
Finally, we briefly discuss the channel numbering scheme. In E-UTRA, EARFCN is are allocated according to Table 2. After the band number run out for FDD, the extended range is now used for new bands.
Table 2: EARFCN usage
	EARFCN range
	Usage

	0-
	FDD uplink

	18000-
	FDD downlink

	36000-
	TDD

	65536-
	FDD uplink (extended range)

	131072-
	FDD downlink (extended range)

	Note: Extended range could be used by TDD if band number or EARFCN (non-extension) run out.



It is possible to allocate band numbers and frequency channel numbers in a similar manner as E-UTRA, like allocating the same channel number as EARFCN for the existing frequencies, assuming most E-UTRA bands are candidates for refarming to NR. Or it is possible to start a new numbering scheme but still use the similar approach as Table 1; i.e., allocate frequency channel number as first come first served basis.
It is also possible to allocate frequency channel numbers in another way. One possible option is to allocate all frequency numbers up to 86GHz already. As mentioned above, 19 bits are enough to cover it with 180kHz raster. To distinguish duplex mode, uplink or downlink, the band number shall be used simultaneously, although this was not the case with E-UTRA. 
· Option 1: Reuse the same EARFCN in NR for the exiting bands. Allocate new numbers for the new bands but keep consistency with EARFCN.
· Option 2: Allocate frequency channel number as first come first served basis without keeping consistency with EARFCN
· Option 2A: Split the range for FDD uplink/downlink and TDD.
· Option 2B: No range is pre-reserved for duplex.
· Option 3: New numbering schemes, like assuming direct mapping to absolute frequencies.
Each option has pros and cons and they should be further discussed.
	
	Pros
	Cons

	Option 1
	Compatibility with LTE
	Number of unused FCN 

	Option 2A
	Efficient consumption of FCN
	Still a possibility of unused FCN

	Option 2B
	Most efficient in consuming FCN 
	No compatibility or intuitiveness

	Option 3
	Intuitive numbering
Future proof
	Large number of unused FCN
Impact to signaling



Observation 3: After channel raster is agreed, the channel numbering scheme shall be further discussed.

3	Conclusion
Observation 1: It is expected the existing channel raster is necessary in the NR to support the refarming.
Observation 2: The alignment of subcarrier grid and RB among channels is desired to support wideband operation.
Proposal 1: Channel raster for the bands below 6GHz shall be 100kHz.
Proposal 2: Channel raster for the bands above 6GHz shall be a multiple of 180kHz.
Proposal 3: Channel raster defines the center of the channel bandwidth.
Proposal 4: Sync signal raster defines the center of the sync signal bandwidth.
Proposal 5: Sync signal raster shall be a multiple of channel raster.
Proposal 6: RAN4 asks RAN1/RAN2 if RAN4 can proceed with the above assumptions on sync and channel raster concept.
Observation 3: After channel raster is agreed, the channel numbering scheme shall be further discussed.
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