3GPP TSG RAN WG1 Meeting #80

R1-150510
Athens, Greece, 9th – 13th February, 2015
Source:
NTT DOCOMO, INC.
Title:
Initial views on CA enhancements to support up to 32 component carriers
Agenda Item:
7.2.2.2.1
Document for: 
Discussion and Decision

1. Introduction
At the RAN#66 meeting, a work item on carrier aggregation enhancements was approved [1]. One of the objectives for the WI is to specify carrier aggregation (CA) beyond 5 component carriers (CCs). It was agreed that the supportable number of CCs in CA is extended to 32. 
In this contribution, we provide our initial views regarding CA enhancements up to 32CCs. Necessary enhancements to DL and UL control signalling are discussed in [2].
2. General discussions on Rel.13 CA
2.1. Potential scenarios/use-cases 

Frequency aspects

One of promising use-cases of Rel.13 CA could be licensed-assisted access (LAA) [3]. In the Japanese regulation, the number of wireless LAN channels with the 20MHz bandwidth is 19 on 5GHz unlicensed spectrum [4]. If the LAA can utilize these 20MHz channels as secondary carriers in CA, the number of CCs being aggregated becomes 20 including PCell on a licensed band. If the CA is carried out by using 5CCs on licensed band(s) and 19 channels on unlicensed band(s), the number of CCs becomes even 24.
Considering the current situation of band allocation around the world, configuring 32CCs on licensed band(s) only would not be a typical case. However, more than 5CCs on licensed band(s) could be a potential future use-case of LTE CA. Therefore, the use-case/scenario of the Rel.13 CA enhancements should not be limited to a particular LAA operation, e.g., LAA with many CCs on unlicensed band while up to 5CCs on licensed bands.
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Fig.1.  Potential use-cases of Rel.13 CA operations using licensed and/or unlicensed bands.
Deployment aspects

As described in the WID [1], the target of Rel.13 CA is to specify necessary mechanisms only for the CA configurations that are not supported in Rel.12 CA. Since the amount of lower frequencies that are beneficial for coverage is limited, it is not realistic to assume that many CCs are deployed only on a macro site. Therefore, following two scenarios could be the target deployment scenario of Rel.13 CA.

· Case 1: Macro + small scenario

· At least one CC is deployed on a macro site, while the other many CCs are deployed on small cell site(s) such as RRH(s). CCs on the small cell site(s) could be either licensed or unlicensed band(s).
· Case 2: Small only scenario

· All the CCs are deployed on small cell site(s) such as RRH(s). CCs on the small cell site(s) could be either licensed or unlicensed band(s).
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(a) Macro + small scenario
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(b) Small only scenario
Fig.2  Potential use-cases of Rel.13 CA operations using macro site and/or small cell site(s).
RAN1 should take into account the above frequency and deployment scenarios for the specification work.
Proposal 1:

· Rel.13 CA specification should not be limited to a particular scenario with LAA.

· More than 5CCs on licensed bands could also be a potential use-case of Rel.13 CA.
· However, 32CCs only on the licensed band(s) would not be a typical use-case. 
· Rel.13 CA specification work should be targeted to the following two scenarios:

· Macro + small scenario

· At least one CC is on a macro site while the other many CCs are on small cell site(s).

· Small only scenario

· All the CCs are on small cell site(s).
· Macro only scenario would not be a typical scenario.
2.2. UL assumption and potential UCI feedback mechanism
In the justification part of the WID, a demand for CA extension up to 32CCs with single UL carrier is mentioned. Regarding UL assumption for the Rel.13 CA use-case, we consider that UL-CA is typically required to achieve the benefit from the DL-CA when the UE is configured with a large number of DL-CCs. This is because, for the TCP services, larger amount of UL resources are required on PUSCH to feedback TCP-ACK in addition to MAC/RLC ACK as the number of DL-CC is much larger.

An example is given below. For simplicity, 40bytes TCP-ACK is assumed to be required for every TCP packet with 1500bytes. CA operation using 32DL-CCs with 2x2 MIMO and 64QAM offers a DL peak data rate around 4.8Gbps. Then, the required UL data rate for TCP-ACK is around 128Mbps which is not achievable without UL-CA. We believe that the amount of UL resources should not be the bottle neck of DL data rate enhancement by the CA.

Assuming multiple UL-CCs are configured, two different UCI feedback mechanisms can be considered.
· Option 1: UCI is separated on different UL-CCs and transmitted using the multiple UL-CCs
· Option 2: UCI is gathered on one UL-CC and transmitted using the single UL-CC
In the case of macro + small scenario, option 1 is promising. In this scenario, it is desirable to keep the connectivity/mobility by using a macro cell as the primary cell, while to achieve throughput improvement by using the small cells as the secondary cells. If UCI corresponding to all the serving cells is concentrated on the macro cell, the UL resources of the macro cell would be congested. The UL overhead increase has a negative impact to legacy UEs such as Rel.8 UEs as well. Therefore, UCI should be offloaded to the small cell(s). The same discussion has been done during Rel.12 [5], and the issue becomes more serious in Rel.13 CA. In this WI, PUCCH on SCell will be specified with targeting Rel.12 CA configurations. We believe that it is beneficial to extend the PUCCH on SCell to Rel.13 CA configurations. The specification impact for this extension could be marginal. Detailed discussion is given in [2].
In the case of small only scenario, both option are applicable. If a single solution is preferred, the option 1 can be applied even in this scenario. If there is a demand to support small only scenario with a single UL carrier, the option 2 should be specified with targeting this scenario.
Proposal 2:

· Consider to specify appropriate UCI feedback mechanisms for Rel.13 CA configurations with taking into account that configuring UL-CA would be typical.
· For macro + small scenario, UCI splitting on multiple UL-CCs is promising.

· For small only scenario, either UCI on multiple UL-CCs or on single UL-CC can be used.

· Extend the PUCCH on SCell mechanism to be specified for Rel.12 CA configurations to Rel.13 CA configurations.
2.3. Relationship between Rel.12 (legacy) CA and Rel.13 CA
Considering a backward compatibility, a UE supporting Rel.13 CA mechanisms should also support Rel.12 (legacy) CA mechanisms. With this understanding, some questions are raised regarding the relationship between Rel.12 (legacy) CA and Rel.13 CA.
· Q1: Whether or not Rel.13 CA is realized within the existing CA framework 
In Rel.13 CA, the target of the solutions is only for the configurations that are not supported in Rel.12 CA, e.g., more than 5CCs for FDD operation. For the specification work, common understanding on the framework of Rel.13 CA should be made. For example, in case of Rel.13 CA with LAA, it would be desirable to aggregate many CCs (e.g., more than 10CCs) even at the early stage since the very wide frequency bandwidth is available for LAA. However, this would require some time span if the existing CA framework is applied, since the current RAN4 specification work proceeds one-by-one such as 3CC => 4CC => 5CC. If earlier introduction of Rel.13 CA with such a large number of CCs is considered for such a particular use-case, different CA framework may be necessary so that Rel.13 CA operation with more than 10CCs is available at early stage. On the other hand, Rel.13 CA without LAA would not require unnecessary early evolution. Rather, it is important to keep the current CA framework so that the steady progress for efficient but qualified frequency utilization is ensured. 
· Q2: Whether the Rel.13 CA solutions are usable for less than 6 CCs

For the CA configurations that are not supported in Rel.12, e.g., more than 5CCs in FDD operation, Rel.13 CA solutions are the only solutions. However, the UE supporting Rel.13 CA solutions may also be configured with Rel.12 CA configurations. During the last RAN plenary, there was an offline discussion on whether or not the Rel.13 CA solutions are applicable to Rel.12 CA configurations. Currently we consider that it is premature to exclude the applicability of Rel.13 CA solutions to Rel.12 CA configurations.
The above aspects may impact to other WGs, e.g., definition of UE capability. Since RAN1 is a leading WG of this WI, it is possible to provide guidance to the other WGs once RAN1 fixes the high-level concept of Rel.13 CA enhancements for up to 32CCs.
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Fig.4  Rel.12 or Rel.13 CA solutions on Rel.12 CA configuration.

Proposal 3:

· RAN1 should carefully consider the relationship between Rel.12 (legacy) CA and Rel.13 CA.

2.4. UE/eNB complexity aspects
Finally, the complexity aspects are discussed. For CA, the UE/eNB complexity increases as the number of configured CCs, in a linear order or even in an exponential order. For example, from a UE point of view, the number of PDCCH blind decodings and the number of CSI measurements increase linearly as the number of configured CCs increases. Another example is the eNB scheduler complexity; eNB needs to manage up to 32 different serving cells simultaneously by a single scheduler. In CA scenario #4, as the number of small cell sites such as RRHs increases in the macro cell coverage area, the number of cells that a single eNB scheduler needs to manage further increases. It is not clear whether such a complexity increase from UE/eNB point of view is acceptable. In a future, because of the technology evolution, the requirement to the processing complexity can probably be resolved. Whether or not such a time-scale is acceptable needs to be discussed. 
Proposal 4:

· RAN1 should carefully consider whether the UE/eNB complexity increase due to the increased number of CCs is still acceptable in Rel.13 CA.
· The target time-scale of the Rel.13 CA should be considered as well.
3. Conclusion
In this contribution, we provided our initial views regarding CA enhancements in Rel.13 and proposed the following.

Proposal 1:

· Rel.13 CA specification should not be limited to a particular scenario with LAA.

· More than 5CCs on licensed bands could also be a potential use-case of Rel.13 CA.
· However, 32CCs only on the licensed band(s) would not be a typical use-case. 
· Rel.13 CA specification work should be targeted to the following two scenarios:

· Macro + small scenario

· At least one CC is on a macro site while the other many CCs are on small cell site(s).

· Small only scenario

· All the CCs are on small cell site(s).
· Macro only scenario would not be a typical scenario.
Proposal 2:

· Consider to specify appropriate UCI feedback mechanisms for Rel.13 CA configurations with taking into account that configuring UL-CA would be typical.
· For macro + small scenario, UCI splitting on multiple UL-CCs is promising.

· For small only scenario, either UCI on multiple UL-CCs or on single UL-CC can be used.

· Extend the PUCCH on SCell mechanism to be specified for Rel.12 CA configurations to Rel.13 CA configurations.
Proposal 3:

· RAN1 should carefully consider the relationship between Rel.12 (legacy) CA and Rel.13 CA.

Proposal 4:

· RAN1 should carefully consider whether the UE/eNB complexity increase due to the increased number of CCs is still acceptable in Rel.13 CA.
· The target time-scale of the Rel.13 CA should be considered as well.
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