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1. Introduction

We discuss the technical issue of CA_12B reference sensitivity.  We also identify a challenge in specifying this combination in 36.101 based on existing methodology.  Possible options to proceed are discussed.
2. Discussion

CA_12B is an intra-band contiguous CA combination with maximum 15MHz aggregate downlink bandwidth, and single CC uplink.  One interesting aspect that makes this CA combination different from prior class B CA combinations is that the likely deployed SCC carrier will be place the SCC downlink carrier closer to the PCC uplink than the PCC downlink is to the PCC uplink.  This is different from how class B reference sensitivity has been defined so far, where the DL SCC has been placed further away from the UL than the PCC so ensure at least the same separation between Tx and Rx as in the single carrier configuration.  Figure 1 illustrates the issue with example configurations for 5MHz+10MHz and 10MHz+5MHz CA combinations.  The likely SCC downlink carrier will consist of (or at least include) the 5MHz “A Block” of 729 – 734 MHz, as illustrated in Figure 1 below.  This leaves only a 15MHz separation gap between PCC uplink and SCC downlink.  As we will expand further below, this will cause two challenges.  CA sensitivity (especially on SCC carrier) will degrade due to proximity with PCC uplink.  Also, we will show the challenge with specifying this case given existing methodology for handling similar CA combinations thus far in 36.101.
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Figure 1:  Illustration of CA challenge for CA12B for SCC carrier sensitivity (5MHz+10MHz & 10MHz+5MHz)
2.1. CA sensitivity performance when SCC DL is closer to PCC UL
Here are the various sources of CA sensitivity degradation versus single carrier mode due to closer frequency separation in likely to be deployed CA12B scenarios:
1) Tx Noise and spectral regrowth (PA and transceiver)
2) Tx baseband harmonics
3) Rx IP2

4) Rx Phase noise (Reciprocal mixing)
5) Lower gain, higher noise figure LNA state to mitigate Rx chain saturation 
These are the traditional sources of additional noise in downlink due to any closely spaced FDD uplink and downlink.  We note that the SCC Rx will have higher Tx noise/spectral regrowth and Tx baseband harmonics than PCC Rx due to closer proximity to the PCC Tx, causing it even more degradation.
We note that for network coverage considerations, it is desirable to have PCC downlink sensitivity continue to meet existing single carrier 3GPP specification.  However, SCC downlink sensitivity will be worse than PCC, as noted.
If it is agreed to depart from approach used for other class B combinations and define reference sensitivity specifications for the case where the SCC is closer to the PCC, then we propose that additional modifications should be considered.  The PCC uplink allocation size should be reduced and its location shifted lower in frequency away from the downlink, similar to what was done for Band 20 and Band 31 reference sensitivity.  Shrinking the UL allocation helps with PA regrowth, while moving the RBs lower in frequency (closer to uplink carrier center frequency) reduces the reach of baseband harmonics.  Note that the baseband harmonic concern is most serious for 10MHz PCC, where based on usual methodology, even 5th order baseband harmonics would reach SCC downlink.  Hence, for 10MHz PCC (SCC = 5MHz), we propose to move the Uplink RBs roughly centered.  For 5MHz PCC, if the SCC is 5MHz (the expected deployment in “A” block), then the UL RBs can remain closest to downlink, but still need to be shrunk.  For 5MHz PCC, and SCC = 10MHz, the RBs would need to be moved to RB_start=0.  For all 3 CA cases, we propose a uniform L_CRB=15.  With this proposed change, all 3 cases will have similar performance for both spectral regrowth and baseband harmonics in SCC. Table 1 shows the recommended Uplink configuration for CA refsens:
Table 1:  Proposed PCC UL Configuration for CA_12B refsens for the case if SCC Tx is closer to PCC TX

	PCC Bandwidth
	SCC Bandwidth
	RB_start
	L_CRB

	10 MHz
	5 MHz
	22
	15

	5 MHz
	5 MHz
	10
	15

	5 MHz
	10 MHz
	0
	15


It’s worth noting that in single Rx chain implementation of CA_12B, the Rx based degradations listed above (versus single carrier performance) will continue to exist, and be shared by both PCC and SCC CCs.  However, the Tx based degradations will exist higher in SCC than PCC.  Note that for SCC, despite the proposed reduction in Uplink configuration, Tx noise will be higher than typically needed to meet single chain specified refsens.  But for PCC it will be slightly better, but this will help offset the higher Rx impairments that have been noted.  So the Uplink configuration proposed in Table 1 seeks to strike a balance in performance, while providing a reasonably useful UL configuration. To summarize, there is a consistent degradation across all mechanisms for SCC, but for PCC we try to offset the degradation in Rx impairments with improvement in Tx noise.  Hence single carrier refsens specification can still be met in PCC, which benefits network coverage considerations.  SCC carrier will have about 2dB sensitivity degradation.  Table 2 shows our proposal for the sensitivity specification in CA mode:
Proposed CA12B refsens values when SCC Tx is closer to PCC Tx

PCC downlink carrier refsens:  same as existing single carrier 3GPP specification

SCC downlink carrier refsens:  2dB degradation vs existing single carrier 3GPP specification
2.2. Specifying CA_12B refsens in 36.101
The current contiguous UL CA combinations with single UL are defined in the following way (snip from 36.101 section 7.3.1A [1]):
“For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than the downlink SCC center frequency”
However, this is the opposite of the expected carrier deployment for CA_12B, where the SCC downlink carrier will likely be closer to PCC uplink.  Hence we face a dilemma.  One, we could either add exceptions specific for CA12B in 36.101.  Or two, we can continue to specify CA_12B in the same manner as the previous combinations in 3GPP.  The second option would not reflect the likely deployment scenario for this CA configuration.
For the first option, Tables 3 - 5 show what adding the exceptions might look like for specification in 36.101.  
Table 3:  Proposed change to 36.101 section 7.3.1A to add exception for CA12B
“For intra-band contiguous carrier aggregation the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1A-1. Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous carrier aggregation reference sensitivity requirement shall be met. The PCC and SCC allocations follow Table 7.3.1A-1 and form a contiguous allocation where TX–RX frequency separations are as defined in Table 5.7.4-1. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than the downlink SCC center frequency. An exception to this rule for UE(s) supporting one uplink carrier shall be CA12B, for which the downlink SCC carrier center frequency shall be configured closer to uplink operating band than the downlink PCC center frequency.    Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.”
Table 4: (“Table 7.3.1-1: Reference sensitivity QPSK PREFSENS“ in 3GPP TS 36.101)
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-978
	-948
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	18
	
	
	-1007
	 -977
	-95.27 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	22
	
	
	-97
	-94
	-92.2
	-91
	FDD

	23
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	24
	
	
	-100
	-97
	
	
	FDD

	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	26
	-102.7
	-99.7
	-97.56
	-94.56
	-92.76
	
	FDD

	27
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	28
	
	-100.2
	-98.5
	-95.5
	-93.7
	-91
	FDD

	30
	
	
	-99
	-96
	
	
	FDD

	31
	-99.0
	-95.7
	-93.5
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	44
	
	[-100.2]
	 [-98]
	[-95]
	[-93.2]
	[-92]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.

NOTE 6:
6 indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:
For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.
NOTE 8:   8 refers to CA12B operation; for the scenario where SCC downlink carrier is closer to Uplink band than PCC downlink carrier, the minimum requirement for reference sensitivity for the SCC downlink carrier shall be modified by +2dB.


Table 5: (“Table 7.3.1-2: Uplink configuration for reference sensitivity” in 3GPP TS 36.101)
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	
	
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	75
	751
	FDD

	8
	6 
	15
	25 
	251
	
	
	FDD

	9
	
	
	25 
	50 
	501
	501
	FDD

	10
	
	
	25 
	50 
	75 
	100 
	FDD

	11
	
	
	25
	251
	
	
	FDD

	12
	6
	15
	201,5
	201,5
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	14
	
	
	151
	151
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	201
	203 
	203
	FDD

	21
	
	
	25
	251
	251
	
	FDD

	22
	
	
	25
	50
	501
	501
	FDD

	23
	6
	15
	25
	50
	75
	100
	FDD

	24
	
	
	25
	50
	
	
	FDD

	25
	6
	15
	25
	50
	501
	501
	FDD

	26
	6
	15
	25
	251
	251
	
	FDD

	27
	6 
	15 
	25 
	251
	
	
	FDD

	28
	
	15
	25
	251
	251
	251
	FDD

	30
	
	
	25
	251
	
	
	FDD

	31
	6
	54
	54
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	25 
	50 
	75 
	100 
	TDD

	34
	
	
	25 
	50 
	75
	
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	
	
	25 
	50 
	75 
	100 
	TDD

	38
	
	
	25 
	50 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	50 
	75 
	100 
	TDD

	41
	
	
	25
	50 
	75 
	100 
	TDD

	42
	
	
	25
	50 
	75 
	100 
	TDD

	43
	
	
	25
	50 
	75 
	100 
	TDD

	44
	
	15
	25
	50
	75
	100
	TDD

	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 bandwidth configuration for the channel bandwidth (Table 5.6-1). 

NOTE 2:
For the UE which supports both Band 11 and Band 21 the uplink configuration for reference sensitivity is FFS.

NOTE 3:
3 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16

NOTE 4:
4 refers to Band 31; in the case of 3 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 9 and in the case of 5 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 10.
NOTE 5:  5 refers to CA12B operation; for the scenario where SCC downlink carrier is closer to Uplink band than PCC downlink carrier, the uplink configuration (NRB) shall be modified to 15 RBs, with the following additional modifications.  For 10MHz PCC, the UL resource blocks shall be located at RBstart 22.  For 5MHz PCC and 5MHz SCC, the UL resource blocks shall be located at RBstart 10.  For 5MHz PCC and 10MHz SCC, the UL resource blocks shall be located at RBstart 0.  


For the second option, no such modifications to the specification are necessary and the single carrier uplink configuration and reference sensitivity can be applied to CA_12B.

3. Conclusion
For the CA_12B configuration, one likely deployment scenario places the SCC DL in closer proximity to the PCC UL than single carrier duplex spacing.  By convention, it has been agreed for the intra-band CA reference sensitivity test configuration to place the SCC DL away from the PCC UL to ensure at least Rel-8 spacing.  For CA_12B, one possibility is to maintain this convention thus avoiding changes to the specification.  Another alternative is the modify the specification to create an exception for CA_12B where the reference sensitivity test configuration places the SCC DL closer to the PCC UL.  A specific mark-up of 36.101 to reflect how to provide an exception for CA_12B is provided, should RAN4 prefer to go the route of adding an exception to the previous methodology in order to match the expected carrier deployment scenario.
Reference

[1] 3GPP TS 36.101, V12.4.0
1
1

[image: image1]