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1.
Introduction
An LTE carrier aggregation (CA) enhancement WI was approved to specify the carrier aggregation configuration specific RF requirements for band 2 intra-band non-contiguous CA [2]. This 2DL intra-band non-contiguous CA is also one of fallback modes of 3DL CA WI comprising Band 2, Band 2 and band 13 was approved in RAN#60 [1]. THs, in order to progress the 3DL CA WI LTE_CA_B2_B2_B13, the specifications for LTE_CA_B2_B2 also need to be agreed. 
In the previous RAN4 meetings, we have proposed our REFSENS investigations for different bandwidth combinations. In this contribution, we update the results in terms of Wgap for some of the bandwidth combinations. 

2.
UE REFSENS
In our previous contributions, e,g, [3] and [4], we presented our REFSENS investigations for different UL configuration assumed in band 2. In this section, we update our investigations and provide additional REFSENS relaxation results in addition to the already proposed UL PCC allocation sizes.
2.1
PCC and SCC arrangements in intra-band NC CA
In Figure 1, we present two possible options for PCC and SCC allocations for 2DL intra-band NC CA. In case (a), PCC is allocated on the lower part of the spectrum. In this case, the DL SCC is located even further compared to DL PCC with respect to UL PCC, thus, no additional REFSENS requirements apply here, and REFENS requirements on both DL SCC and DL PCC follow the specifications as described in Table 7.3.1-1 of TS36.101. This means that, the UL PCC allocation sizes and additional REFSENS relaxations ΔRIBNC as detailed in Table 1 will not be applicable in this case. This is because of the fact that, both DL PCC and DL SCC are located at a frequency equal to UL-DL separation or more for the particular band. 
In case (b), the frequency separation between UL PCC and DL SCC is lower than specified UL-DL frequency separation as of Table 5.7.4-1 of TS36.101, thus, additional REFSENS requirement apply for DL SCC in this case, which are discussed in Table 1 of this contribution for CA_2A-2A. Note that, REFSENS requirements for DL PCC are similar to single UL case, i.e. the REFSENS requirement follows Table 7.3.1-1 of TS36.101 for DL PCC in case (b).    
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Figure 1 PCC and SCC arrangements for 2DL and 1 UL intra-band non-contiguous CA
2.2
UL PCC allocations for different bandwidth combinations
Similar to previous intra-band NC CA studies, there were proposals to define two Wgap ranges, one which will represent large Wgap values which will cause smaller Tx-Rx separation between UL PCC and DL SCC compared to specified Tx-Rx separation for the band, thus we will need to assign large ΔRIBNC along with small UL PCC allocations to ensure that DL SCC is not desensitized below the REFSENS limitations. Secondly, another midpoint Wgap can be specified which could provide flexibility to assign zero ΔRIBNC with certain UL PCC allocations. Following the REFSENS studies in previous WIs, we consider the following guidance in determining the midpoint Wgap:

1. For 5 MHz PCC case, we ensure a minimum Tx-Rx separation of 40MHz between PCC UL and SCC DL. For 10MHz UL PCC or larger, we ensure at least 50MHz of Tx-Rx separation and up to 55 MHz for 20MHz UL PCC. In this way, we specify a Wgap value for which the effects of Tx-Rx phase noise, receiver IP2, transmit baseband noise, etc can be marginal. This enables the possibility to specify zero ΔRIBNC.

2.  We also provide enough Tx-Rx separation to avoid IM7 products between the UL PCC RBs and their image. This means, that the Tx-Rx separation should be at least 3 times larger than the transmission bandwidth. It is assumed that higher order IMs than 7th order have negligible effects. 
Due to small duplex gap and only 60MHz of band span, there are cases where both of the above requirements are potentially not satisfied. Thus, we need to introduce severe restrictions for UL PCC allocation for some of the band combinations, as seen in the Table 1.
2.2
Desensitization due to TX leakage

Assuming only a single UL carrier, the main difference from the single-carrier case is that the minimum distance between UL and DL carriers is smaller than the nominal Tx-Rx distance. This implies that the receiver desensitization due to the transmitter leakage is much more pronounced compared to the single-carrier case. The desensitization due to transmitter leakage may be categorized as follows:

· In-band noise from the transmitter due to transmitter phase noise

· Reciprocal mixing of the transmitted signal due to receiver phase noise

· IM2 products from the transmitted signal due to receiver non-linearity

Note that, in general, the larger the sub-block gap bandwidth, the more desensitization the receiver tends to experience. We believe that it is then necessary to introduce additional REFSENS relaxation. 

In order to evaluate the required relaxation, we make the following assumptions regarding the UE implementation. 

· Insertion loss : 4.8dB at transmitter  and 5.5dB at receiver
· Duplexer isolation: 45 dB (RX), 50 dB (TX)

· Phase noise: -141 dBc/Hz  at an offset of 20 MHz

· Receiver IIP2: 45 dBm for all receiver bandwidth
· MPR: as agreed in Rel-8 

· MRC with 10 dB isolation between two paths
We updated our previous investigations and provided the relaxation of the REFSENS requirements as given in Table 1. This is in line with Wgap values used for different bandwidth combinations in the contributions of other companies, e.g. [5], [6] and [7].
	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_2A-2A
	25RB+25RB
	30 < Wgap ≤ 50
	121
	[4.9] 
	FDD

	
	
	0 < Wgap ≤ 30 
	251
	0
	

	
	25RB+50RB
	25 < Wgap ≤ 45
	121
	[4.0] 
	

	
	
	0 < Wgap ≤ 25
	251
	0
	

	
	25RB+75RB
	20 < Wgap ≤ 40
	121
	[4.1] 
	

	
	
	0 < Wgap ≤ 20
	251
	0
	

	
	25RB+100RB
	15 < Wgap ≤ 35
	121
	[4.0] 
	

	
	
	0 < Wgap ≤ 15
	251
	0
	

	
	50RB+25RB
	15 < Wgap ≤ 45
	124
	[4.9] 
	

	
	
	0 < Wgap ≤ 15
	321
	0
	

	
	50RB+50RB
	10 < Wgap ≤ 40
	124
	[4.3] 
	

	
	
	0 < Wgap ≤ 10
	321
	0
	

	
	50RB+75RB
	5 < Wgap ≤ 35
	124
	[4.1] 
	

	
	
	0 < Wgap ≤ 5
	321
	0
	

	
	50RB+100RB
	0 < Wgap ≤ 30
	124 
	[4.0] 
	

	
	75RB+25RB
	10 < Wgap ≤ 40
	125
	[4.9] 
	

	
	
	0 < Wgap ≤ 10
	401
	0
	

	
	75RB+50RB
	5 < Wgap ≤ 35
	125
	[4.4] 
	

	
	
	0 < Wgap ≤ 5
	401
	0
	

	
	75RB+75RB
	0 < Wgap ≤ 30
	125 
	[4.2] 
	

	
	75RB+100RB
	0 < Wgap ≤ 25
	 125 
	[3.9] 
	

	
	100RB+25RB
	0 < Wgap ≤ 35
	166
	[4.9] 
	

	
	100RB+50RB
	0 < Wgap ≤ 30
	 166
	[4.4] 
	

	
	100RB+75RB
	0 < Wgap ≤ 25
	 166
	[4.2] 
	

	
	100RB+100RB
	0 < Wgap ≤ 20
	  166
	[4.0] 
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=23.

NOTE 5:
5 refers to the UL resource blocks shall be located at RBstart=33.

NOTE 6:
6 refers to the UL resource blocks shall be located at RBstart=57.


Table 1 Sub-block gap bandwidths and UL PCC allocation sizes for reference sensitivity in band 2
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