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Discussion 

1 Introduction

The following two areas are still unclear in RAN2. So we would like discuss them in RAN2. 

· What is a subset/superset?

· What should be the UE’s behavior, if the eNB configures the UE with NAICS assistance info beyond UE’s capability?  

2 Clarificaiton on NAICS subset capability 
2.1 Examples 

Example 1: (2 CC, 100 PRB) is NOT a superset of (1 CC, 100 PRB) under 2CA band combo. 

Indicating [2CC, 100PRB] for a 2 CA band combination means: UE supports NAICS on two carriers (full bandwidth) if and only if their aggregate bandwidth is 100PRBs or less. This implies the following BW combinations where NAICS is supported on two carriers.
	CC1 BW (MHz)
	CC2 BW (MHz)

	5
	5

	5
	10

	10
	10

	15
	5


Figure 1: possible CA bandwidth combinations for doing NAICS on 2 CCs under capability [2CC, 100PRB]. Green color means the CC is a NAICS carrier. 1.4 and 3 MHz are ignored for simplicity.
We note that NAICS may only be supported on a single carrier in this example, by removing NAICS from one carrier in the Figure 1 and keep the bandwidth combinations in Figure 1. E.g, supporting NACIS on 15+5 combination (the 4th row in Figure 1) implies that UE can support NAICS on a 15MHz carrier if the other carrier is 5 (the 4th row in Figure 2). 
	CC1 BW (MHz)
	CC2 BW (MHz)

	5
	5

	5
	10

	10
	10

	15
	5

	5
	10

	15
	5


Figure 2: possible CA bandwidth combinations for doing NAICS on 1 CCs under capability [2CC, 100PRB]. Green color means the CC is a NAICS carrier; otherwise, the CC is an activated but not NAICS CC. 1.4 and 3 MHz are ignored for simplicity.
On the other hand, if UE wants to claim the NAICS capability of (1 CC, 100 PRB) for a 2CA combo, it has to support all the possible bandwidth in the 2CA combo where one of the CCs’ BW is up to 100 PRB:  

	CC1 BW (MHz)
	CC2 BW (MHz)

	20
	any

	15
	any

	10
	any

	5
	any


Figure 3: possible CA bandwidth combinations for doing NAICS on 1 CCs under capability [1CC, 100PRB]. Green color means the CC is a NAICS carrier; otherwise, the CC is not a activated but not NAICS CC. 1.4 and 3 MHz are ignored for simplicity.
We can see from the Figure 1 and Figure 3 that the bandwidth combinations for [2 CC, 100 PRB] and [1 CC, 100 PRB] are different, so we have the following Observation 1.

Observation 1: It is clear that the capability [2 CC, 100 PRB] and [1 CC, 100 PRB] are independent and neither would imply the support of the other one. 
Observation 2: If UE indicates [2CC, 100PRB], then support of NAICS on one of the two configured CCs would depend on the BW of the other CC. 
Example 2: (3 CC, 150 PRB) is NOT a superset of (1 CC, 50 PRB) under 4CA band combo. 

If UE claims the support of [3CC, 150PRB] under a 4CA band combo, it means the UE support the following bandwidth combinations; in addition, the UE can do NAICS on 1-3 of the green CCs.
	CC1 BW (MHz)
	CC2 BW (MHz)
	CC3 BW (MHz)
	CC4 BW (MHz)

	5
	5
	5
	any

	5
	5
	10
	any

	5
	5
	15
	any

	5
	5
	20
	any

	5
	10
	10
	any

	5
	10
	15
	any


Figure 4: possible CA bandwidth combinations for doing NAICS on 3 CCs under capability [3CC, 150PRB]. Green color means the CC is a NAICS carrier. 1.4 and 3 MHz are ignored for simplicity.
If UE claims the support of [1CC, 50PRB] under a 4CA band combo, it means the UE support the following bandwidth combinations; in addition, the UE can do NAICS on the green CC.
	CC1 BW (MHz)
	CC2 BW (MHz)
	CC3 BW (MHz)
	CC4 BW (MHz)

	10
	any
	any
	any


Figure 5: possible CA bandwidth combinations for doing NAICS on 1 CCs under capability [1CC, 50PRB]. Green color means the CC is a NAICS carrier. 1.4 and 3 MHz are ignored for simplicity.
We can see from the Figure 4 and Figure 5 that the bandwidth combinations for [3CC, 150PRB] and [1CC, 50PRB] are different (i.e. the combination of Figure 4 does NOT allow having “any” bandwidth for the concerned CCs that the combination of Figure 5 implies), so we have the following observation 3.

Observation 3: It is clear that the capability [3CC, 150PRB] and [1CC, 50PRB] are independent and neither would imply the support of the other one. 

Furthermore, if UE claims the support of [2CC, 50PRB] under a 4CA band combo, it means the UE support the following bandwidth combinations; in addition, the UE can do NAICS on the two green CCs.
	CC1 BW (MHz)
	CC2 BW (MHz)
	CC3 BW (MHz)
	CC4 BW (MHz)

	5
	5
	any
	any


Figure 6: possible CA bandwidth combinations for doing NAICS on 2 CCs under capability [2CC, 50PRB]. Green color means the CC is a NAICS carrier. 1.4 and 3 MHz are ignored for simplicity.
We can see that the bandwidth combinations for [2CC, 50PRB] (Figure 6) are included in [3CC, 150PRB] (Figure 4) (i.e. the combination of Figure 4 allows having “any” bandwidth for the concerned CCs that the Figure 6 imples), so we have the following observation 4.

Observation 4: It is clear that the support of [3CC, 150PRB] means the support of [2CC, 50PRB]. 

2.2 Simple ways (e.g., for the eNB) to derive the complete NAICS subsets under a given CA configuration (BW of each CC is known)
In the previous subsection 2.1, we see that the complixity of the subset is mainly because a band can have different bandwidth. However, once UE is configured with a band combination, the serving cell BW is known to eNB.
Observation 5: Once UE is configured with a band combination, the serving cell BW is known to eNB. 

Based on this observation, it is simple to derive UE’s NAICS subsets under a given serving cell BW combo.
Example 3: Assume UE reported NAICS capability only includes (3 CC, 175 PRB) for the configured 4CA band combo. Assume the BW of the configured 4CA combo is below and known. 

	CC1 BW (MHz)
	CC2 BW (MHz)
	CC3 BW (MHz)
	CC4 BW (MHz)

	5
	10
	15
	20


Figure 7: Example 3 - bandwidth of a configured 4CA combo.
Steps:

1. Map y’ PRB (y’<=y) to exactly x CCs (x=3, y=175 in this example), to get all possible bandwidth combinations.
	CC1 BW (MHz)
	CC2 BW (MHz)
	CC3 BW (MHz)
	CC4 BW (MHz)

	5
	10
	15
	20

	5
	10
	15
	20


Figure 8: Example 3 - Step1. Green color means the CC is a NAICS carrier. 1.4 and 3 MHz are ignored for simplicity.
2. For each possible BW combo in step 1, disable NAICS on one or multiple of the NAICS CCs, i.e., for each row in Figure 8, turn one or two of the green boxes into white color (without changing the BW numbers).
	CC1 BW (MHz)
	CC2 BW (MHz)
	CC3 BW (MHz)
	CC4 BW (MHz)

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20

	5
	10
	15
	20


Figure 9: Example 3 - Step 2. Green color means the CC is a NAICS carrier. 1.4 and 3 MHz are ignored for simplicity.
2.3 Simple rules to derive incomplete NAICS subsets under a given CA band combo (BW of each CC is unknown)
A band can have multiple BWs. If the BW of each serving CCs is unknown, we have to try all the possible BWs for each CC, and then repeat the 2-step procedure in Section 2.2 for each BW combination, in order to get the complete subsets. 
However, based on the 2-step procedure in Section 2.2, we observe a simple rule to determine incomplete subsets.
Observation 6: [x-1  CC,  y-maxCcBW  PRB] is always a subset of [x CC, y PRBs]. maxCcBW = 100 PRB in R8-R12.
This is because in step 2 in Section 2.2, when we disable NAICS on one CC, that CC’s BW becomes unspecified and can be any allowed value. We have to assume the biggest allowed BW (it is 100 PRB in R8-R12) for that CC and remove the max BW from the aggregated NAICS PRBs. This can be verified by the example in Observation 4, where [3CC, 150PRB] means the support of [2CC, 50PRB]
Observation 7: One can follow the Example 1 to find similar examples to prove that none of the below are always subset of [x CC, y PRBs]. 
· [x-1 CC, y PRB] 

· [x-1 CC, y-25 PRB] 

· [x-1 CC, y-50 PRB] 

· [x-1 CC, y-75 PRB] 

By applying Observation 6 recursively, one can conclude on Observation 8 below.

Observation 8: [x-m CC, y-m*maxCcBW  PRB] with m>=1 is always a subset of [x CC, y PRBs]. maxCcBW = 100 PRB in R8-R12.

3 UE behavior when network configures more NAICS carriers than UE capability 

In current RAN2 offline discussion “[90#22][LTE/NAICS] NAICS Capability Signalling (Nokia Networks)”, the following was raised. We think it is better to define UE behaviour in this case. 
If UE is configured with NAICS and the total aggregated carrier bandwidth exceeds the indicated UE capabilities in terms of the maximum number of CCs and the aggregated BW across these CCs, where the NAICS processing is supported, the UE behaviour is undefined.
We think it benefits both the UE and the eNB if the network always configure NAICS info on all configured CCs including deactivated CCs, even if it exceeds the UE’s NAICS capability. This is because deactivated CCs may be activated by MAC CE later and UE can apply NAICS immediately upon the activativation of any CCs, hence making full use of the NAICS feature and improving the performance; otherwise, it takes some time for the eNB to send the NAICS info via RRC to the UE after the MAC activates a CC. In addition, as we have seen in the long RAN2 discussions, the UE’s NAICS capability is very complex under CA, so it will simplify the eNB’s logic of determining which CCs to configure NAICS if the eNB simply always configure NAICS info on all configured CCs. As a result, we have the following proposal.
Proposal 1: we propose to define the UE behaviour below in spec.

If UE is configured with NAICS and the total aggregated carrier bandwidth exceeds the indicated UE capabilities in terms of the maximum number of CCs and the aggregated BW across these CCs, where the NAICS processing is supported: the UE shall follow the behavior below
1. UE shall consider the configuration is valid and shall not reject the configuration or do RRC connection reestablishment.

2. It is up to the UE’s implementation to select one or multiple carriers to do NAICS to match the UE’s capability report. 
4 Proposals 

Proposal 1: we propose to define UE behaviour below in spec.

If UE is configured with NAICS and the total aggregated carrier bandwidth exceeds the indicated UE capabilities in terms of the maximum number of CCs and the aggregated BW across these CCs, where the NAICS processing is supported: the UE shall follow the behavior below
1. UE shall consider the configuration is valid and shall not reject the configuration or do RRC connection reestablishment.

2. It is up to the UE’s implementation to select one or multiple carriers to do NAICS to match the UE’s capability report. 

Based on the observations in Section 2, we propose to clarify below in 36.331. 

Proposal 2: none of the below are always subset of [x CC, y PRBs]:
· [x-1 CC, y PRB] 

· [x-1 CC, y-25 PRB] 

· [x-1 CC, y-50 PRB] 

· [x-1 CC, y-75 PRB] 

Proposal 3: [x-m CC, y-m*maxCcBW PRB] with m>=1 is always a subset of [x CC, y PRBs]. maxCcBW is the maximum number of allowed PRBs. maxCcBW is 100 in R8-R12.
Proposal 4: When the bandwidth of each serving CC is known (e.g., when the UE is configured with a CA carrier frequency combo), one can derive the subsets of [x CC, y PRB] according to the 2-step procedure below.

1. Map y’ PRB (y’<=y) to exactly x CCs, to get all possible bandwidth combinations.
2. For each possible bandwidth combinations in step 1, disable NAICS on one or multiple of the NAICS CCs.
