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1 Background
In this contribution we discuss changes to the running CR [1] and give a background to proposed changes in the draft CR [2]
2 Completion of the new NR CA bandwidth classes 
The upper CA bandwidth limits of the new CA bandwidth classes in the running CR [1] are tentative (in between square brackets), we propose to remove the square brackets:
Proposal 1: the new NR CA bandwidth classes to allow intra-band contiguous CA for NR-U in multiples of 20 MHz and wider bandwidths are defined as follows
class “M”: 50 MHz  ≤ BWChannel_CA ≤ 180 MHz, number of contiguous CC = 3

class “N”: 80 MHz ≤ BWChannel_CA ≤ 240 MHz, number of contiguous CC = 4

class “O”: 100 MHz ≤ BWChannel_CA ≤ 300 MHz, number of contiguous CC = 5

belonging to the same fall-back group

The lower limit also covers one 10 MHz channel bandwidth (10 + 20 + 20 MHz to cover 50 MHz allocation). The upper limits defined are defined as multiples of the 60 MHz channel bandwidth. Larger aggregated bandwidths are covered by the existing classes, and two CCs covered by the existing CA BW class B and C. The classes M, N and O only applies to NR-U operation only, can be used both in the 5 GHz and 6 GHz ranges.
3 Intra-band CA configurations
Two wideband modes are in the scope of the WID [3]
· “Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells” (intra-band contiguous CA) 

· “wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz” (wideband operation)
This means that combinations of 20 MHz channels are also in the scope of the work item. This implies n*20 MHz with n up to 5 if 100 MHz is the largest channel bandwidth (used for the wideband mode with intra-cell GB). This applies both in the DL and UL, but the UL transmissions must be contiguous (transmitted if all LBT sub-bands, one per CC, as successful).
4 Intra-cell GB for wideband operations

It should be made clear that intra-cell GB are not configured for the 20 MHz channel bandwidth:
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Figure 5.3.3-3 Guard band definition when transmitting multiple numerologies

NOTE:
Figure 5.3.3-3 is not intended to imply the size of any guard between the two numerologies. Inter-numerology guard band within the carrier is implementation dependent.

If a UE supporting wideband operation is configured with channel bandwidths of 20 MHz or greater as specified in 38.214, the nominal intra-cell guard band(s), if any, and the corresponding sizes (transmission bandwidth configuration) of the RB sets separated by the said guard bands are as specified in Table 5.3.3-2 for each UE channel bandwidth and sub-carrier spacing for the downlink and uplink. The intra-cell guard band(s), if any, in Table 5.3.3-2 is applicable when the IE intraCellGuardBand in TS 38.331 is not provided.
Table 5.3.3-2: Nominal intra-cell guard bands for wideband operation

	SCS

(kHz)
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	15
	106

(106)
	105-6-105

(216)
	N/A
	N/A

	30
	51

(51)
	50-6-50

(106)
	50-6-50-6-50

(162)
	50-6-50-5-50-6-50

(217)

	60
	TBD
	TBD
	TBD
	TBD

	NOTE 1:
The intra-cell guard band is denoted TBW0-GB0-…-GBN_RBset-2-TBWN_RBset-1 for N_RBset > 1 number of RB-sets with TBWr the maximum transmission bandwidth (PRB) of RB-set r and GBr the guard band (PRB) above the upper edge of RB-set r. The RB-set 0 is starting at the first common resource block (CRB) of the carrier as indicated by offsetToCarrier. The total transmission bandwidth configuration (size of resource grid) including guard bands is given in between parentheses.
NOTE 2:
For 20 MHz channel bandwidth, there are no intra-cell guard bands for the carrier, and N_RBset = 1.


For each UE channel bandwidth and sub-carrier spacing given by Table 5.3.3-2, the maximum transmission bandwidth configuration including intra-cell guard band(s), if configured by IE intraCellGuardBands in TS 38.331 in the uplink and/or downlink, and corresponding RB-set(s) shall be in accordance with clause 5.3.2 with a minimum inter-cell guard band of the UE channel bandwidth as specified in Table 5.3.3-1 for the uplink and downlink. Minimum requirements specified for wideband operation in Clause 6 and Clause 7 also apply for intra-cell guard bands larger than the nominal sizes in Table 5.3.3-2 as listed in Table 5.3.3-3 for each sub-carrier spacing; each guard band in order of CRB index must be larger than or equal to the corresponding nominal guard band specified in Table 5.3.3-2 for each channel bandwidth.
Table 5.3.3-3: Applicable intra-cell guard bands for wideband operation

	Parameter
	Unit
	SCS

	
	
	15 kHz
	30 kHz
	60 kHz

	Intra-cell guard band (size)
	PRB
	6,7
	5,6,7
	TBD

	Transmission bandwidth (size) of RB-set
	PRB
	104,105
	49,50,51
	TBD


If the UE is configured with zero intra-cell guard bands by IE intraCellGuardBands in 38.331 in the uplink and/or downlink on a carrier greater than 20 MHz, the maximum transmission bandwidth configuration for the uplink and downlink shall be in accordance with clause 5.3.2 with a minimum inter-cell guard band of the UE channel bandwidth as specified in Table 5.3.3-1.
Intra-cell GB can also be absent (then indicated).

5 MPR and A-MPR for wideband and intra-band contiguous CA
The MPR and A-MPR for contiguous intra-band CA for a n*20 MHz aggregated channel bandwidth should be similar to that of a wideband channel of n*20 MHz, at least if the wideband channel is configured with intra-cell GB. 
For 15k and 30k, interlaced transmissions will be used, at least in the 5 GHz with the required occupied bandwidth requirements. For MPR and A-MPR it may be more relevant to define MPR for interlaced transmissions (which includes the full allocation) rather than inner and outer allocations. Specification of A-MPR value for a single interlace and full allocation might suffice, just as for eLAA.
Next we discuss the difference between the required back-off for a wide band channel and a contiguous intra-band CA of the same aggregated bandwidth.
Figure 5.1 shows a spectrum plot of a 40 MHz channel with a single interlace allocated, the first PRB is just inside the nominal internal GB (552.5 kHz) for QPSK modulated CP-OFDM and, 15k SCS and using the agreed 20 MHz reference waveform (1 dB MPR for DFTS-OFDM), the image suppression is 28 dB. The resulting MPR = 3.1 dB is limited by ACLR (SEM very similar).
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Figure 5.1: emissions within a 40 MHz bandwidth with a single interlace.
The result with an intra-band GB would be the same in this case (the GB falls in between PRBs).
Figure 5.2 shows the result for full allocation, i.e. 10 interlaces. 
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Figure 5.2: emissions within a 40 MHz bandwidth with a single interlace.
This required MPR is essentially the same as for one interlace in this case (the difference is not significant). 
[Results for intra-band CA will be presented in a update of this contribution]

6 In-band emissions
The in-band measurements used for eLAA can be reused as proposed in the running CR, but the RIV should be modified to improve measurements. For eLAA the RIV cases were chosen such that the image falls at the edge well separated from any allocated PRB of the interlace, and such that the LO (assumed centered) falls in between two allocated PRB, see Figure 6.1 and 6.2 from [4]. The RIV values used for NR-U should not be reused for NR-U since the allocation is more flexible and the UE can indicate the TX LO frequency. It is straightforward to specify RIV values for NR-U such that the cases in the two figures occur.
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Figure 6.1: in-band emissions for interlace #0 (post-FFT)
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Figure 6.2: in-band emissions for interlace #5 (post-FFT).

7 NR-U time mask

In the existing general NS time mask, the transient periods are outside the leading and trailing edges of the transmission burst as shown in Figure 1.  
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Figure 6.1: the NR general time mask.

For NR-U the transients should be pushed inside the slots to allow time for measurements by the device and measurements by other devices in transmission gaps as well as allowing more time for turnaround. It has been proposed [5] that the leading transient is pushed into the slot but allow the ramp-up start 5 us before the slot within any preceding sensing slot. This would allow a 4 us sensing anywhere within the sensing slot. The transient in the traling edge should also be pushed inside, at least partially, allowing more time for turnaround. The resulting general mask is shown in Figure 6.2.
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Figure 6.2: a possible NR-U gene time mask.

For a 25 us LBT this could give the following timing budget with two sensing slots as required:
5us (fall time) + 4 us (sensing) + 7 us + 4us (sensing) + 5us (rise time). 
The two sensing parts just fit within the first and last 9 us slots. There are no margins, the transients could possible be pushed further into the slots
Similar changes are needed for e.g. RACH-only transmissions (at least at the leading edge) that use CAT4 LBT.

Proposal 2: the transients of the general NR-U time mask should be fushed fully or partially into the slot (leading and traling edge of the transmission burst).

5
Proposal

We make the following

Proposal 1: define three new NR CA bandwidth classes to allow intra-band contiguous CA for NR-U in multiples of 20 MHz and wider bandwidths

class “M”: 50 MHz  ≤ BWChannel_CA ≤ 180 MHz, number of contiguous CC = 3

class “N”: 80 MHz ≤ BWChannel_CA ≤ 240 MHz, number of contiguous CC = 4

class “O”: 100 MHz ≤ BWChannel_CA ≤ 300 MHz, number of contiguous CC = 5

belonging to the same fall-back group

Proposal 2: the transients of the general NR-U time mask should be fushed fully or partially into the slot (leading and traling edge of the transmission burst).
Proposed changes to the running CR can be found in [2] including

· clarification of intra-cell GB for wideband carriers, no GB for 20 MHz carriers,

· removal of tentative CA bandwidth limits of the new CA bandwidth classes as per Proposal 1

· introducation of additional intra-band CA configurations (n*20 MHz)

· introduction of the general time mask as per Proposal 2
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