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1 Introduction
Carrier aggregation has been studied to support transmission bandwidths larger than 20MHz in LTE-Advanced [1]

 REF _Ref206213287 \r \h 
[2]

 REF _Ref206213288 \r \h 
[3]. In this context MAC to physical layer mapping was also discussed in RAN1#54bis [4-9] and over the RAN1 email reflector. Two baseline options are mentioned, namely one TB / HARQ entity per component carrier (option 1) and one TB / HARQ entity across all aggregated component carriers (option 2). 
In this contribution, we further discuss the MAC to physical layer mapping options including an additional intermediate option, which has also been proposed on the RAN1 email reflector. Moreover, the related control signaling is also discussed. 
2 MAC to physical layer mapping 

Two  MAC to physical layer mapping options (option 1 and 2) have been mentioned in the RAN1 kick-off email.  Below, the two options and an intermediate option (option 3) proposed in RAN1 email reflector are discussed. 
Option 1: One TB and HARQ entity per component carrier
A simplified transport block processing chain (for non-spatial multiplexing) is illustrated in Figure 1. In case of spatial multiplexing, multiple transport blocks are transmitted within a component carrier. We identify the following merits and demerits: 
· Allows for efficient link adaptation (MCS/Rank selection) per component carrier, especially for e.g. non-contiguous aggregation (different path loss and/or interference case), e.g. in case of operating with a mix of backward compatible and non‑backward compatible component carriers. 
· Allows for efficient HARQ operation because transport blocks are retransmitted per component carrier and new data can be transmitted on the remaining component carriers. [10]
· Control channel overhead may be larger than for option 2. However, this depends on the final design. It would be possible to reduce the control overhead by e.g. bundling, as explained in section 3. 
· Possible to reuse the design of release 8 components in more efficient way, which allows for less power consumption and low cost implementations and for earlier commercialization of LTE-advanced.  
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Figure 1: simplified processing chain for Option 1
Option 2: One TB and HARQ entity for the overall aggregated component carriers
The simplified transport block processing chain is illustrated in Figure 2. We see the following merits and demerits. 

· Link adaptation and HARQ is less efficient than in option 1 because the MCS/Rank control and HARQ operation is performed for one large piece of data. 
· Better frequency diversity than option 1 in case of diversity (distributed) transmissions 
· Control overhead (PDCCH, ACK/NACK) is likely to be smaller than in option 1 since only one PDCCH (increased size) and one ACK/NACK needs to be transmitted per subframe and UE.  
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Figure 2: simplified processing chain for Option 2
Option 3: multiple TBs and HARQ entities for the overall aggregated component carriers 

As an intermediate solution between option 1 and option 2, multiple transport blocks could be mapped across component carriers to achieve merits of both option 1 and option 2. The simplified transport block processing chain is illustrated in Figure 3. The maximum transport block size should be the same as in Rel.8 (as long as antenna configuration is same as Rel.8). 
· Allows for efficient HARQ operation (as mentioned in option 1)
· Allows for efficient link adaptation (MCS/Rank selection) per component carrier by mapping one TB directly to one component carrier. 
· Allows for larger frequency diversity gain by mapping one TB across component carriers.  

· Allows for efficient reuse of release 8 components because channel coding chain could be less modification to the one specified in release 8. 
For this option, there are several schemes for the permutation and mapping function possible. At least a one‑to‑one mapping between transport block and component carrier should be supported (identical to option 1). However, a full flexibility of the permutation and mapping function does not seem to be necessary and should be restricted to some extent. 
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Figure 3: simplified processing chain for Option 3

Based on arguments listed above, especially for link adaptation, HARQ operation and Rel.8 reusability, in our view an operation according to option 1 is important. On the other hand, we also identify the potential benefits of option 2 with respect to e.g. frequency diversity. Therefore, we propose to agree on option 3 at this stage and to continue the discussion on the details of the permutation and mapping function.
3 Control signaling 

3.1 PDCCH signaling
For the MAC to physical layer mapping option 1 and option 3 in which multiple transport blocks may be transmitted within a subframe, there are in general two baseline options for the PDCCH signaling. 
Option A: one PDCCH indicates one TB 
Multiple PDCCHs are transmitted to assign multiple TBs on component carriers. Therefore, independent link adaptation and HARQ operation is possible. Existing PDCCH DCI format may be reused. 
The mapping of PDCCH onto the physical resources (e.g. mapped within component carrier or mapped across component carriers) is FFS. 
Option B: one PDCCH indicates jointly all (or multiple) TBs 
This option can reduce the signaling overhead. There are several possibilities on how to jointly signal the information. An example is the case where a PDCCH indicates one MCS field and one HARQ related field to be commonly used for all TBs. In this case, link adaptation and HARQ operation is commonly carried out. Another example is the case where the PDCCH indicates independent MCS fields and HARQ fields for each TB. In this case, compared to Option A only the CRC (UE ID) overhead part is saved. Generally, there are a number of different flavors for signaling joint or separate fields for the TBs, which result in different signaling overhead and data transmission efficiency trade‑offs. 
The mapping of PDCCH onto the physical resources (e.g. mapped within component carrier or mapped across component carriers) is FFS.
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Figure 4: PDCCH options (PDCCH to physical resources mapping is exemplary)
Since option B can reduce the signaling overhead, option B would be especially beneficial for cell edge UEs who consume more PDCCH resources than cell center UEs. On the other hand, option A would be more suited for cell center UEs in order to allow for more efficient high data rate transmission. Therefore, it may be useful to configure Option A or B depending on UE geometry. 

3.2 Uplink ACK/NACK (on PUCCH/PUSCH)
Similar to the PDCCH signaling, there are also two baseline options for the ACK/NACK signaling in response to the PDSCH for TB mapping options 1 and 3.  
Option A: independent ACK/NACKs for each TB 
The HARQ operation can be carried out independently for each TB. Multiple ACK/NACK signals may be transmitted using e.g. multi-carrier/multi-sequence in case of ACK/NACK on PUCCH or multi bit ACK/NACK in PUSCH. In this case, the maximum transmission power may be limited due to increase of Cubic Metric (CM). 

Option B: bundled ACK/NACK for all (or multiple) TBs
One common ACK/NACK for all TBs is transmitted. An ACK/NACK bundling scheme used similar to TDD Rel8 may be used. Because the CM and required power for ACK/NACK is reduced compared to option A, bundling is beneficial for the case of UL power limitation. However, it would be necessary to discuss if carrier aggregation (for downlink) is used for such UEs or in such environments. In case of option B, the HARQ efficiency is degraded because a joint HARQ operation for all bundled TBs is required. From a system level point of view for power limited UEs this may be acceptable since the data rates for these UEs are typically low. 
Similar to the PDCCH signaling discussed above, Option A and B may be configured depending on the UE geometry. Table 1 summarizes the PDCCH and ACK/NACK options depending on UE location. 
Table 1 PDCCH and ACK/NACK transmission depending on UE geometry
	
	PDCCH
	ACK/NACK
(on PUCCH/PUSCH)

	Cell center UE
	Option A
	Option A

	Cell edge UE
	Option B
	Option B


4 Conclusion
In this contribution, we discuss MAC to physical layer mapping and the related PDCCH signaling for carrier aggregation in LTE-Advanced. 
On the MAC to physical layer mapping, we see the need for a possible operation according to option 1 for efficient link adaptation, HARQ operation and Rel.8 reusability reasons. On the other hand, we also identify the potential benefits of option 2 with respect to e.g. frequency diversity. Therefore, we propose to agree on option 3 at this stage and to continue the discussion on the details of the permutation and mapping function during study item based on further simulations. 

Regarding the PDCCH and the ACK/NACK signaling for option 1 and 3, two options, one PDCCH (or ACK/NACK) per TB and one PDCCH (or ACK/NACK) commonly used for all or multiple TBs, were discussed. The first option enables efficient operation but causes larger overhead. The second option enables an overhead reduction but causes less efficient data transmission. Considering the signaling overhead and the data transmission efficiency, it would be worth considering both options and allow switching e.g. depending on the UE geometry. 
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