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1.
Introduction

At RAN4#70 in Prague, a Way forward was agreed in [1] to specify UE Maximum Input Level for Intra-band contiguous CA with 2 CCs. The aim was to address the case where the 2 CCs have unequal Channel Bandwidths, which is not properly covered in TS 36.101 [2]. The main principles were:
· Equal Power Spectral Density (PSD) for the two CCs
· Largest BW CC always -25dBm/Channel BW
When attempting to write the CRs for all relevant releases of TS 36.101, some additional points were noticed:

· In CA Bandwidth Class C, if the 2 CCs have unequal Channel Bandwidths, “Power in Transmission Aggregated Bandwidth Configuration” will be lower than the -22dBm applicable for equal Ch BWs.
· Rel-11 and onwards of TS 36.101 [3] also cover intra-band non-contiguous carrier aggregation, stating that the maximum input level is –22 dBm and that both carriers have equal power.
· Rel-12 and onwards of TS 36.101 [4] also covers CA Bandwidth Class B, stating that the Power in the Transmission Aggregated Bandwidth Configuration is –25 dBm.
Changes proposed in the CRs for 36.101 in [7] and [8] should take the above points into consideration, and be consistent across releases and CA types/classes. This discussion paper forms an update to [1] and gives Anritsu’s reasoning for the CRs presented at this meeting.
2.
Handling of Power in Transmission Aggregated Bandwidth Configuration
The following marked-up extract is taken from the current Rel-10 version of TS 36.101 [2]:
For intra-band contiguous carrier aggregation maximum input level is defined as the powers received at the UE antenna port over the Transmission bandwidth configuration of each CC, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier. The downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.4.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels over each component carrier as specified in Annexes A.2.2, A.2.3 and 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) with parameters specified in Table 7.4.1A-1.

Table 7.4.1A-1: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C
	D
	E
	F

	
	
	
	
	
	
	
	

	Power in largest bandwidth CC
	dBm
	
	
	-25
	
	
	

	Power in each other CC
	dBm
	
	
	Note 3
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 3:
To give equal spectral density in all CCs, the downlink power of each other CC shall be (-25dBm + 10log(NRB /NRB cc_largest_BW)), where NRB cc_largest_BW refers to the Transmission bandwidth configuration of the CC at -25dBm


The original changes in [1] would not be correct, because if the 2 CCs have unequal channel bandwidths, the Power in Transmission Aggregated Bandwidth Configuration will be lower than -22dBm, so we cannot leave in this fixed number. The above changes give the correct powers for both equal and unequal Ch BWs.

Note that we also update the main text, otherwise it would contradict Table 7.4.1A-1 (for Rel-12, the text and table row for aggregated channel bandwidth are left in, because they still apply to CA Bandwidth Class B).
Example 1, both CCs have equal Ch BW of 100RB:
· Arbitrarily select PCC as largest bandwidth CC, power is -25dBm/18MHz
· Applying Note 3, other CC (SCC) shall be (-25dBm + 10log(NRB /NRB cc_largest_BW)) = (-25dBm + 10log(100/100)) = -25dBm/18MHz
· Total power in Aggregated Bandwidth Configuration = -22dBm, same as before
Example 2, 20MHz+10MHz configuration of CA_40C, 100RB+50RB:
· Select PCC as largest bandwidth CC, power is -25dBm/18MHz
· Applying Note 3, other CC (SCC) shall be (-25dBm + 10log(NRB /NRB cc_largest_BW)) = (-25dBm + 10log(50/100)) = (-25dBm -3.01dB) = -28dBm/9MHz 
· Total power in Aggregated Bandwidth Configuration = -23.24dBm.
3.
Handling of intra-band non-contiguous carrier aggregation
Maximum input level for Intra-band non-contiguous carrier aggregation was not discussed at RAN4#70 in Prague, but two points emerge from further investigation:
a) It is stated that the maximum input level requirement is –22dBm defined as a sum of carrier powers, and that both carriers have equal power. In the case where the 2 CCs have unequal channel bandwidths, this would give unequal PSD for the two CCs. Offline discussion indicated that non-contiguous carrier aggregation could relate to both co-located and non-co-located scenarios. The non-co-located scenario could give rise to significantly different power levels, but as these are covered to some extent by the in-band blocking test cases, the overall test coverage should be adequate if we use equal PSD for non-contiguous CA.     
b) The power parameters for Intra-band non-contiguous carrier aggregation are covered by a paragraph of text in clause 7.4.1A of TS 36.101, without any reference to tables such as 7.4.1-1 or 7.4.1A-1. It seems therefore that the uplink power condition is undefined. 
On the basis that for Intra-band non-contiguous CA equal PSD gives adequate test coverage, the same approach to CC power can be taken as for Intra-band contiguous CA to address issue a) above.
If the intended uplink power condition for Intra-band non-contiguous CA is the same as for Intra-band contiguous CA (4dB below PCMAX_L), the same wording can be used to address issue b) above.
The following marked-up extract is taken from the current Rel-11 version of TS 36.101 [3]:
For intra-band contiguous carrier aggregation maximum input level is defined as a mean power received at the UE antenna port over the aggregated channel bandwidth, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier.

The downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.4.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels over each component carrier as specified in Annexes A.2.2, A.2.3 and 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) with parameters specified in Table 7.4.1A-1. 

For intra-band non-contiguous carrier aggregation with two downlink carriers the maximum input level requirement is defined as the powers received at the UE antenna port over the Transmission bandwidth configuration of each CC, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier.
The power of the largest bandwidth CC shall be -25dBm. To give equal spectral density in both CCs, the power of the other CC shall be (-25dBm + 10log(NRB /NRB cc_largest_BW)), where NRB cc_largest_BW refers to the Transmission bandwidth configuration of the CC at -25dBm.
 The throughput shall be ≥ 95% of the maximum throughput of the specified reference measurement channel as specified in Annexes A.2.2, A.2.3 and 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) over each carrier. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1A-3. The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

Table 7.4.1A-1: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C
	D
	E
	F

	Power in Transmission Aggregated Bandwidth Configuration
	dBm
	
	
	-22
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


4.
Handling of CA Bandwidth Class B
Maximum input level for Intra-band contiguous carrier aggregation Class B was not discussed at RAN4#70 in Prague, but there are some configurations with unequal DL CC RB allocations, such as the 5MHz+15MHz configuration of CA_23B. One point emerges from further investigation:
a) The Power in Transmission Aggregated Bandwidth Configuration is stated to be -25dBm, so the way forward proposed in [1] of “Largest BW CC always -25dBm/Channel BW” cannot be applied. 
If the intention for Intra-band contiguous carrier aggregation Class B is equal PSD, the most logical approach is to split the total power of -25dBm between the CCs in proportion to their configured BW, similar to the original proposal in R4-140100 [6].

The following marked-up extract is taken from the current Rel-12 version of TS 36.101 [4]:
For intra-band contiguous carrier aggregation maximum input level is defined as a mean power received at the UE antenna port over the aggregated channel bandwidth, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier.

The downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.4.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels over each component carrier as specified in Annexes A.2.2, A.2.3 and 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) with parameters specified in Table 7.4.1A-1. 

For intra-band non-contiguous carrier aggregation with two downlink carriers the maximum input level requirement is – 22 dBm and is defined as a sum of mean carrier powers received at the UE antenna port while both carriers have equal power. The throughput shall be ≥ 95% of the maximum throughput of the specified reference measurement channel as specified in Annexes A.2.2, A.2.3 and 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) over each carrier. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1A-3.

Table 7.4.1A-1: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C
	D
	E
	F

	Power in Transmission Aggregated Bandwidth Configuration
	dBm
	
	-25Note 4
	-22
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 4:
To give equal spectral density in all CCs, the downlink power in each CC shall be (-25dBm + 10log(NRB /NRB_agg)).


5.
Way forward
The changes for Power in Transmission Aggregated Bandwidth Configuration and CA Bandwidth Class B are a finalisation of the principles agreed at RAN4#70, and Rel-10, Rel-11, Rel-12 CRs are provided in [7]. 
The proposed changes for intra-band non-contiguous carrier aggregation are newly discussed in this Tdoc, so separate Rel-11 and Rel-12 CRs are provided in [8], covering the co-located cells scenario.
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