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1. Introduction
UL CA has been under discussion for a long time but there still are some outstanding issues. One of this issues is related to the signaling of NS values for CA. The problem was identified in [1] and some solutions were proposed. In this paper we further elaborate on the issue and make some proposal that enhance what was propose in [1].
2. Discussion

Signaling of NS values for UL CA presents several issues that were identified in [1]. The signaling problem applies to all types of UL CA but the solutions could be different depending on whether the CA type is intra-band contiguous, non-contiguous or inter-band. In this paper we discuss these issues and make some proposals that further enhance what was proposed in [1].
As presented in [1], the eNB always has to signal additionalSpectrumEmissionSCell-r10 for each configured SCell. Therefore, there must be a 1 to 1 mapping between the combination of values signalled in this field on all SCells and the set of NS values that apply to all the aggregated carriers (and corresponding A-MPR tables). As priorities are not defined in RRC signalling and noting that different SCells can be configured at different times, there is no mechanism for a value configured on one of the SCells to override another configured value. This observation is very important and has to be taken into account when the mapping between signalled NS values and corresponding emission requirements and A-MPR tables is defined. This will be further exemplified below.

Observation 1: The set of values configured in additionalSpectrumEmissionSCell-r10 for all SCells must have a 1 to 1 mapping to the emission requirements and corresponding A-MPR tables.

2.1. Intra-band CA

In [1] it was proposed that for intra-band CA (contiguous and non-contiguous) the value signalled in additionalSpectrumEmissionSCell-r10 should be used by the UE and mapped to the corresponding requirements as shown below in the table. As an example, if additionalSpectrumEmissionSCell-r10 contains CA_NS_01 then the UE will use the requirements corresponding to the first row in the table. 
Table 2.1.1: Additional Maximum Power Reduction (A-MPR) for CA

	CA Network Signalling value
	Requirements 

(subclause)
	Uplink CA Configuration
	A-MPR [dB]

(subclause)

	CA_NS_01
	6.6.3.3A.1
	CA_1C
	6.2.4A.1

	CA_NS_02
	6.6.3.3A.2
	CA_1C
	6.2.4A.2

	CA_NS_03
	6.6.3.3A.3
	CA_2C
	6.2.4A.3

	…
	
	
	

	CA_NS_31
	NOTE 1
	Table 5.6A.1-1 (NOTE 1)
	N/A

	CA_NS_32
	Reserved

	NOTE 1:
Applicable for uplink CA configurations listed in Table 5.6A.1-1 for which none of the additional requirements in subclause 6.6.3.3A apply.

NOTE 2:
The index of the sequence CA_NS corresponds to the value of additionalSpectrumEmissionSCell-r10.


When a 3UL intra-band CA combination is defined, a similar table would have to be added. For this case, it would be desirable to keep the same NS values defined in the subset table(e.g. CA_NS values defined for CA_1C would be kept for higher order CA in B1 such as CA_1D) for the new UL CA configuration An example is given below.
Table 2.1.2: Additional Maximum Power Reduction (A-MPR) for 3 UL CA

	CA Network Signalling value
	Requirements 

(subclause)
	Uplink CA Configuration
	A-MPR [dB]

(subclause)

	CA_NS_01
	6.6.3.3A.1
	CA_1D
	X.X

	CA_NS_02
	6.6.3.3A.2
	CA_1D
	X.X

	CA_NS_03
	6.6.3.3A.3
	CA_2D
	X.X

	…
	
	
	

	CA_NS_31
	NOTE 1
	Table 5.6A.1-1 (NOTE 1)
	N/A

	CA_NS_32
	Reserved

	NOTE 1:
Applicable for uplink CA configurations listed in Table 5.6A.1-1 for which none of the additional requirements in subclause 6.6.3.3A apply.

NOTE 2:
The index of the sequence CA_NS corresponds to the value of additionalSpectrumEmissionSCell-r10.


If the same values are used then there would be no need for eNB to modify the additionalSpectrumEmissionSCell
 IE of the first SCell (potentially configured at another time). In this case the UE will map the CA_NS values signalled in both SCells (the same NS_CA will be signalled in both SCells) to the correct requirements depending on the aggregation type. When the UE is configured with CA_1D it will use the 3UL CA table, when the UE falls back to CA_1C it will use the 2UL CA table. This approach will work for intra-band CA because the NS values are defined per band and they should be the same in all aggregated cells in the band.
If the above approach (proposed in [1]) is adopted then one of the values in the table has to be reserved for the case when no A-MPR is allowed. 

Considering all the above we propose the following for intra-band CA:

Proposal 1: For intra-band CA(contiguous and non-contiguous) define tables with CA_NS values that are signalled in additionalSpectrumEmissionSCell-r10 and mapped to the requirements (1 value corresponding to 1 combination). Use the same CA_NS values for the same band/emission requirements for any number of CCs.

Proposal 2: For intra-band CA, reserve a value in the table for the case when no A-MPR is needed.

2.2. Inter-band CA

For the case of inter-band CA, in [1] it was proposed to define an NS value for each combination as shown in the Table below.

Table 2.2.1: Additional Maximum Power Reduction (A-MPR) for inter-band CA

	CA Network Signalling value
	Additional requirements for sub-blocks in order of increasing carrier frequency
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing carrier frequency

	
	Requirements

(subclause)
	Requirements

(subclause)
	
	A-MPR

	A-MPR


	CA_IB_NS_01
	6.6.2.1.1
	6.6.3.3.1
	CA_1A-8A
	Table 6.2.4-1 (NS_01)
	Table 6.2.4-1 (NS_05)

	CA_IB_NS_02
	6.6.3.3.3
	6.6.3.3.1
	CA_1A-19A 
	Table 6.2.4-1 (NS_08)
	Table 6.2.4-1 (NS_05)


The following challenges are noted with the above proposal: 

1) The number of inter-band UL CA combinations is substantially more than intra-band UL CA. Using one NS value for each combination would require additional spacing or ASN.1 extensions for the eNB to be able to signal values more than 32 (similar to the new/modified NS value tables for legacy deployments) 

2)  When 3UL CA combinations are defined, a new CA_NS value could be added corresponding to the new combo. However, as pointed out above, if only a single value is used for a certain combination, this value has to be signalled in all the SCells. When the UE would fallback to a subset combination then the network would have to release all the carriers and re-add the SCells with the CA_NS value corresponding to the subset combination. As an example, if CA_IB_NS_03 is defined for CA_1A-8A-21A then the network has to signal this value to both SCells(e.g. B8 and B21). If the UE then has to fallback to CA_1A-8A then the network has to release the SCell on B8 also and re-add it with the CA_IB_NS_01. 
Another option would be to define a new table for 3UL as shown below. 
Table 2.2.2: Additional Maximum Power Reduction (A-MPR) for inter-band CA with 3 UL

	CA Network Signalling value
	Additional requirements for sub-blocks in order of increasing carrier frequency
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing carrier frequency

	
	Requirements

(subclause)
	Requirements

(subclause)
	Requirements

(subclause)
	
	A-MPR

	A-MPR

	A-MPR


	CA_IB_NS_01
	6.6.2.1.1
	6.6.3.3.1
	6.6.3.3.1
	CA_1A-8A-21A
	Table 6.2.4-1 (NS_01)
	Table 6.2.4-1 (NS_09)
	Table 6.2.4-1 (NS_05)

	CA_IB_NS_02
	6.6.3.3.3
	6.6.3.3.1
	6.6.3.3.1
	CA_1A-19A-21A 
	Table 6.2.4-1 (NS_08)
	Table 6.2.4-1 (NS_09)
	Table 6.2.4-1 (NS_05)


Even in this case there will be some possible issue. For CA_1A-8A-21A, the network has to signal CA_IB_NS_01 in all the SCells. If the UE falls back to CA_1A-8A then the signaled value would still apply, however, if it falls back to CA_1A-21A then the network would have to reconfigure the SCell in B21 with a different CA_NS that corresponds to this combination.

As shown above, we believe that defining only 1 CA_NS value for a band combination is not scalable for inter-band CA. Consequently, we propose to use the combination of PCell NS value and values signaled in the additionalSpectrumEmissionSCell-r10 for the mapping in the tables above. An example is shown below. 

Table 2.2.3: Additional Maximum Power Reduction (A-MPR) for inter-band 2 UL CA

	CA Network Signalling value
	Additional requirements for sub-blocks in order of increasing carrier frequency
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing carrier frequency

	
	Requirements

(subclause)
	Requirements

(subclause)
	
	A-MPR


	A-MPR



	NS_01, NS_05
	6.6.2.1.1
	6.6.3.3.1
	CA_1A-8A
	Table 6.2.4-1 (NS_01)
	Table 6.2.4-1 (NS_05)

	NS_05, NS_08
	6.6.3.3.3
	6.6.3.3.1
	CA_1A-19A 
	Table 6.2.4-1 (NS_08)
	Table 6.2.4-1 (NS_05)


Table 2.2.4: Additional Maximum Power Reduction (A-MPR) for inter-band CA with 3 UL
	CA Network Signalling value
	Additional requirements for sub-blocks in order of increasing carrier frequency
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing carrier frequency

	
	Requirements

(subclause)
	Requirements

(subclause)
	Requirements

(subclause)
	
	A-MPR

	A-MPR

	A-MPR


	NS_01, NS_05, NS_09
	6.6.2.1.1
	6.6.3.3.1
	6.6.3.3.1
	CA_1A-8A-21A
	Table 6.2.4-1 (NS_01)
	Table 6.2.4-1 (NS_09)
	Table 6.2.4-1 (NS_05)

	NS_05, NS_08, NS_09
	6.6.3.3.3
	6.6.3.3.1
	6.6.3.3.1
	CA_1A-19A-21A 
	Table 6.2.4-1 (NS_08)
	Table 6.2.4-1 (NS_09)
	Table 6.2.4-1 (NS_05)


Based on the tables shown above the UE would do a 1-1 mapping between the set of NS values that are signaled and the corresponding requirements. When the UE falls back to a subset combination, the requirements would be based on the NS value set corresponding to the configured carriers. For example, for the case of CA_1A-8A-21A the signaled values would be NS_01, NS_09 and NS_05 on the corresponding cells. When the UE falls back to CA_1A-8A the remaining NS values configured would be NS_01 and NS_05 that have a clear mapping in the 2UL CA table. As such, the network can simply release the SCell in B21 and does not have to reconfigure any other NS values.
The above proposal would also work with combinations of intra-band and inter-band UL CA as shown below.

Table 2.2.5: Additional Maximum Power Reduction (A-MPR) for inter-band and intra-band CA with 3 UL
	CA Network Signalling value
	Additional requirements for sub-blocks in order of increasing carrier frequency
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing carrier frequency

	
	Requirements

(subclause)
	Requirements

(subclause)
	Requirements

(subclause)
	
	A-MPR

	A-MPR

	A-MPR


	NS_05

CA_NS_01, NS_01
	6.6.2.1.1
	6.6.3.3A.1
	6.6.3.3A.1
	CA_1C-8A
	Table 6.2.4-1 (NS_01)
	6.2.4A.1 (CA_NS_01)
	6.2.4A.1
(CA_NS_01)


The network would signal CA_NS_01 in the SCell in B1 and NS_01 in the CC in B8. If the UE falls back to CA_1C then the intra-band CA table would apply(where CA_NS_01) is defined. If the UE falls back to CA_1A-8A then the UE would apply the requirements corresponding to NS_05 and NS_01 combination in the 2UL CA table.
In the examples above the same NS values as those defined in the corresponding bands are used, however, the numbers could be changed as long as the 1 to 1 mapping is kept.

For inter-band CA, the following proposal is made:
Proposal 3: For inter-band CA, define separate tables for different number of CCs and mapping of the requirements to the set of NS values signalled in all CCs.

3. Conclusion
 In this paper we analyzed the problems of CA NS signaling for UL CA. Based on how the RRC signaling is defined we made the following observation:

Observation 1: The set of values configured in additionalSpectrumEmissionSCell-r10 for all SCells must have a 1 to 1 mapping to the emission requirements and corresponding A-MPR tables.

In order for the signalling to be future proof we make the following proposals:

Proposal 1: For intra-band CA(contiguous and non-contiguous) define tables with CA_NS values that are signalled in additionalSpectrumEmissionSCell-r10 and mapped to the requirements (1 value corresponding to 1 combination). Use the same CA_NS values for the same band/emission requirements for any number of CCs.

Proposal 2: For intra-band CA, reserve a value in the table for the case when no A-MPR is needed.

Proposal 3: For inter-band CA, define separate tables for different number of CCs and mapping of the requirements to the set of NS values signalled in all CCs.

For inter-band CA, NS_01 can be used to signal the UE that no A-MPR is allowed in the corresponding band
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