[bookmark: historyclause]3GPP RAN WG4 Meeting #92bis		R4-1911518
Chongqing, China, 14-18th October 2019	

Agenda item:	9.28
Source:	Apple
Title:	Views on adding new Channel Bandwidths for n25
Document for:	Approval

1	Introduction 
In the last RAN plenary meeting a WI was agreed in RP-192219 [1]. It proposes to add 25, 30, 35 and 40MHz Channel Bandwidth (CBW) for band n25. While bandwidths 25, 30 and 40MHz are already specified in 38.101-1, 35MHz is a new CBW and needs much more work. This paper considers how to solve this issue.
2	Adding existing NR Channel Bandwidths 
For NR there have been multiple channel bandwidths specified, which cover almost any need of bandwidths. These are 5, 10, 15, 20, 25, 30, 40, 50, 60, 80 and 100MHz, which are mandatory to support while 90MHz is optional. The UEs are developed to support these bandwidths and they have the hardware implemented (usually in the transceiver chips) to support these bandwidths.
For all the bandwidths above, the analog and digital channel filters are implemented in the transceivers and baseband. Therefore it is not too difficult to add the new CBW to a new band, for which it hasn’t been specified before, as the hardware is already there. For the WID above this means that 25, 30 and 40MHz CBW can be added without changing the hardware.
However, there is some specification work required to get these bandwidths into the spec. These issues need to be taken into account:
· Emissions requirements: Due to the wider bandwidths the IMD3 region is larger. Since the duplex gap is just 15MHz, IMD3 will fall into the RX band, which is currently protected with a emissions limit of -50dBm/MHz. It needs to be checked, if this can still be fulfilled with the larger bandwidth.
· Receiver requirements: Since IMD3, IMD5 etc. can fall into the RX band, Refsens needs to be checked. Especially since already CA_n25(2A) is specified, a wider bandwidth will result in lower order IMD within the RX passband resulting in significant MSD. This has to be checked when specifying the larger bandwidths.
Proposal 1:	For adding CBWs to n25, which are already specified for other bands (25, 30 and 40MHz), emisisons requirements and RX requirements impacted by TX noise/IMD need to be checked
3	Adding new, unspecified NR Channel Bandwidths 
In the WID adding new channel bandwidths to n25, it is proposed to add 35MHz Channel Bandwidth (CBW). However, 35MHz hasn’t been specified for any other band yet, it is a new bandwidth for NR.
For each new bandwidth, the analog and digital channel filters in the transceiver and baseband need to be added or modified for the new CBW, so the complexity in the UE transceiver increases with each additional bandwidth specified. Especially designing the analog channel filters becomes difficult, since the parasitic capacitance to ground due to the additional switches and the partially unused capacitors and resistors will degrade the performance of the filters and can even result in instability. Especially for NR filters with bandwidths of up to 100MHz, the parasitics will be an issue, since the opamps in these filters, which need to have a gain bandwidth product in the GHz range, will need to drive these capacitive loads additionally distorting the filter function and leading to instability of the opamps. Of course this becomes more important the more bandwidths will be added, and we have currently already seen three requests for new bandwidths. 
Observation 1:	Adding new bandwidths will need a redesign of the transceiver and harm the design of the analog filters and will create even more complexity 
Also, if we would add new bandwidths, there is a lot of specification work to be done to specify a new bandwidth, for example a new reference channel needs to be specified and the Refsens for this channel needs to be simulated, also all the blocking and ACS requirements need to be determined. All the TX characteristics like emissions mask and spurious emissions for UE coexistence, mainly due to the small duplex gap, need to be specified.
 Observation 2:	Adding new bandwidths will require a lot of specification work and development 
Adding a new channel bandwidth will add significantly to the number of test cases in type approval, since the new RX bandwidths also need to be tested. This means effort in specifying the tests in RAN5 as well as more testing time in development and type approval impacting time-to-market for these UEs.
Observation 3:	Adding new bandwidths will need require additional test effort 
Proposal 2:	RAN4 should not specify additional Channel Bandwidths but re-use existing Channel Bandwidths to accommodate the operators needs 
If the network operator has 35MHz of spectrum, of course it needs to be possible to use this spectrum for NR. However, this doesn’t necessarily mean that a new CBW needs to be specified, since also the existing bandwidths can be used for the spectrum. For 35MHz of spectrum of course it will be possible to use a 40MHz CBW and just use the resource blocks in the middle leaving 2.5MHz of the 40MHz unused on either side. This can be done by restricting the RB allocation. Using the same guard bands for 35MHz as for 40MHz this would mean to use the center 188/92/44 RBs for 15/30/60kHz subcarrier spacing as the Transmit Bandwidth out of the 216/106/51 RBs that are allowed as Transmit Bandwidth Configuration for 40MHz NR CBW. This can be seen in figure 1 [2]:
[image: ]
Figure 1: Transmission Bandwidth and Transmission Bandwidth Configuration 
Table 1 shows the RB allocations that can be used: 
	Sub Carrier Spacing (SCS) in kHz
	NRB for 40MHz CBW
	RBstart for 35MHz usage
	RBend for 35MHz usage
	Maximum LCRB for 35MHz

	15
	216
	14
	201
	188

	30
	106
	7
	98
	92

	60
	51
	4
	47
	44



Table 1: Listing of the RB allocations
Restricting the RB allocations to 35MHz within the 40MHz CBW means that the emissions into the adjacent channels need to be similar to the usual emissions mask, although this is now within the bandwidth of the 40MHz CBW. Calculating the limit of the in-band emissions within the first 1MHz outside the 35MHz for a full 35MHz QPSK allocation according to the table above, results in -18.5dB, which is equivalent to -15.2dBm, the SEM requirement within the first MHz is -13dBm, so obviously the IBE is tighter than the SEM and therefore the emissions are no issue. 
Observation 4:	35MHz wide spectrum can be covered by using the center RBs of a larger, already specifed, CBW of 40MHz 
Observation 5:	In-band emissions of a 35MHz wide signal into the unused 2.5MHz at both ends of a 40MHz wide carrier are tighter than the SEM within these 2.5MHz, so using a 40MHz CBW for 35MHz spectrum will not violate emissions requirements 
Proposal 3:	Network operators needing non-standard bandwidths can use their spectrum by using the next larger bandwidths and using only the center RBs, since the in-band emissions are tighter than the SEM 
Proposal 4:	Remove 35MHz from the WID in RP-192219 

3	Conclusions
We draw the following conclusions: 
Observation 1:	Adding new bandwidths will need a redesign of the transceiver and harm the design of the analog filters and will create even more complexity 
Observation 2:	Adding new bandwidths will require a lot of specification work and development 
Observation 3:	Adding new bandwidths will need require additional test effort 
Observation 4:	35MHz wide spectrum can be covered by using the center RBs of a larger, already specifed, CBW of 40MHz 
Observation 5:	In-band emissions of a 35MHz wide signal into the unused 2.5MHz at both ends of a 40MHz wide carrier are tighter than the SEM within these 2.5MHz, so using a 40MHz CBW for 35MHz spectrum will not violate emissions requirements 
Proposal 1:	For adding CBWs to n25, which are already specified for other bands (25, 30 and 40MHz), emisisons requirements and RX requirements impacted by TX noise/IMD need to be checked
[bookmark: _GoBack]Proposal 2:	RAN4 should not specify additional Channel Bandwidths but re-use existing Channel Bandwidths to accommodate the operators needs 
Proposal 3:	Network operators needing non-standard bandwidths can use their spectrum by using the next larger bandwidths and using only the center RBs, since the in-band emissions are tighter than the SEM 
Proposal 4:	Remove 35MHz from the WID in RP-192219 
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