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1. Introduction
In [1], we briefly discussed MAC-to-PHY mapping and various DL control signalling design options to support bandwidth extension for LTE Advanced. In this document, we progress the discussion by taking into account the baseline assumptions made in RAN WG1 #55.  
2. MAC to PHY mapping and PDCCH assignments on component carriers 
MAC to PHY mapping refers to how a transport block (TB) is mapped to REs, i.e., in the case of carrier aggregation, REs belonging to different component carriers. Resource Allocation (RA) and other HARQ information for a TB are signalled in PDCCH. 
2.1. MAC to PHY mapping 

Bandwidth extension discussion in RAN1#55 primarily focussed on MAC to PHY mapping of transport blocks in presence of carrier aggregation. Baseline assumption agreed in the meeting was to have ‘one TB and HARQ ID per component carrier’ and continue discussion on ‘multiple TBs and HARQ entities, each TB can be mapped to multiple component carriers’. 

The discussion converged on allowing multiple TBs to be scheduled to a LTE-A UE in each sub frame, so that the existing TB table can be reused. However, the issue of whether to restrict a TB and/or the associated HARQ entity to only a single component carrier is still open, i.e., a decision has to be made on whether a TB can be mapped across multiple component carriers. 

Allowing multi-component carrier TB mapping may potentially exploit more frequency diversity for each TB in cases where detailed channel state information (CSI) at the transmitter is unavailable, or improve the flexibility of frequency selective scheduling if detailed CSI is available. 
Before the magnitude of expected gain can be analysed, we note that the exploitation of additional frequency diversity gain is only possible in cases where the UE is configured to receive multiple component carriers regardless of TB size. This could be the case for contiguous carrier aggregation, as a single wide band RF chain (including analog filters, down-converter, ADC, etc.) is likely to be used. In the case of non-contiguous carriers that often require multiple RF chains, the battery savings obtained by activating additional RF chains only when necessary - as can be done with the one TB per component carrier case - might be preferred over any potential frequency diversity benefit offered by spreading the TB across multiple component carriers. 

Further, to exploit the frequency diversity without knowing CSI, the typical design philosophy will be to send a codeword over as many uncorrelated subcarriers as possible, which may be achieved through defining a logical channel that spreads over REs of multiple component carriers. A few observations follow:

· Diversity gain of this kind is typically shown as steeper slope of the BLER curve, just like other type of diversity gain seen in STBC and MRC. However, at 10-20% target BLER typically used for HARQ transmission, the diversity gain often has not manifested itself. When frequency diversity within a component carrier is already exploited, as well as spatial diversity at both the transmitter and receiver sides, additional frequency diversity in multiple component carriers may present minimal additional gain that also likely to diminish with increasing TB sizes.   
· The design challenge will be maintaining compatibility with existing RB-based resource allocation without compromising the packing efficiency for both legacy UEs and LTE-A UEs.

Frequency-selective scheduling, on the other hand, may provide more significant system throughput enhancement if a TB can be better mapped to REs over multiple component carriers. However, spectral efficiency improvements are contingent upon 

· having the component carriers, over which the transport block is mapped, contiguous in frequency domain, as well as having a single scheduler (or fully-coordinated if multiple) for all the component carriers 
· The drawbacks of  a design that spreads a TB across multiple non-contiguous component carriers were mentioned in RAN1#55, i.e., it is inefficient to maintain a single MCS level across multiple non contiguous component carriers because HARQ retransmission probability for data on each component carrier is expected to be different. Also as discussed previously, multiple RF chains have to be activated even for small TBs, which brings up the current drain concern. 

· having a resource allocation mechanism that spans multiple component carriers (e.g., 500RBs considering 100MHz aggregation). The granularity of basic subcarrier block may need to be fine enough and their allowed locations needs be flexible enough in order to match with the up fading subcarriers over multiple components. At the same time, it is critical to maintain compatibility with existing RB-based resource allocation without compromising the packing efficiency for both legacy UEs and LTE-A UEs.   

· having timely frequency-selective CQI reports from multiple component carriers to support frequency selective scheduling as described in [3].
Regardless of whether a TB can employ resources in multiple component carriers, the transmission mechanism of PDCCH itself, which relates whether a PDCCH should be allowed to use resources in one or multiple carriers, will be discussed in Section 3.
2.2. Resource Allocation via a PDCCH in a separate Component Carrier
This section addresses the corresponding relationship between PDCCH(s) and TB(s) scheduled by the PDCCH(s) on multiple component carriers.

While the benefits in mapping a single TB across multiple component carriers are yet to be proven, we believe that, allowing one PDCCH transmitted from one component carrier to schedule resources on other component carriers can have the following desirable benefits (regardless of the decision on MAC to PHY mapping discussed in Section 2.1).  

1. Possibility to reduce the number of PDCCHs required for assigning resources to multiple TBs, especially when certain common elements of PDDCH assignments such as CRC, uplink power control setting, etc. need not be duplicated for each component carrier thereby saving control signalling resources.

· Further optimisation/compression of bits that signal MCS setting, resource allocation etc. are also possible
2. In a system where both Rel8 compatible and Rel8 non-compatible carriers are configured,  the PDCCH in Rel8 carriers can be utilised to grant resources in non Rel8 compatible carriers (especially in a design where the non Rel8 compatible carrier carries no PDCCH or even no control signalling at all)

3. The scheduler has the flexibility of assigning resources for multiple component carriers from the best or designated component carrier (e.g., the component carrier with strongest CQI or the “anchor” carrier). This flexibility helps to improve control signalling efficiency and robustness of system operations.

We note that all these advantages may not be realisable in some particular deployment scenarios such as scenarios where schedulers for different component carriers cannot operate in a co-ordinated manner.  Considering this, our view is

In addition to having an option that uses one PDCCH to schedule resources in one component carrier, which is the simplest extension of Rel8 operation, the option of allowing a PDCCH transmitted from one component carrier to schedule resources in other component carriers should also be considered. 
3. Impact of carrier aggregation on DL control signalling structure
In addition to the MAC-to-PHY mapping for traffic channels, carrier aggregation can affect the control signalling in terms of both the content and the structure itself (i.e., how resources are organized for the transmission of control channels).
3.1. PDCCH Structure

As we discussed in [1], a PDDCH structure that spans multiple component carriers has the following disadvantages 

· While PDSCH may benefit from frequency diversity gain or increased flexibility of frequency-selective transmission, any benefit of additional frequency diversity gain for improving the reliability of PDCCH could be minimal.

· Mechanisms that attempt to reduce UE power consumption by allowing the UE to monitor only a single component carrier, especially when resources of other carrier do not have to be used, cannot be efficiently supported.

· Any new PDCCH structure that enables CCE allocation/aggregation over multiple component carriers can be quite restricted considering that the new allocation rules for that structure must not affect the existing Rel8 CCE allocation mechanisms for Rel8 UEs, especially if a component carrier needs to support Rel8 UEs.

Considering this, and also considering the advantages of having a backwards compatible PDCCH structure that can processed by a Rel8 architecture that is used for LTE-A with minimal modifications, our preference is 
Restrict the PDCCH structure for LTE-A such that all the CCEs of any single PDCCH that is expected to be decoded by an LTE-A UE are contained within a single component carrier. 

3.2. P-BCH Structure
No additions to existing P-BCH structure are envisioned. However, P-BCH may be used to support additional signalling related to bandwidth extension information that can be beneficial to LTE-A UEs if such information is made available. Additional spare bits that are already available in MIB [2] may be employed for this purpose. 
As non-backward-compatible configurations of LTE-A component carriers is not precluded, P-BCH need not be transmitted in all the component carriers, possibly along with other Rel8 signalling such as P/S-SCH and SIBs, even though the overhead saving by removing only P-BCH is rather small, especially for large component carrier bandwidth (0.17% for 20MHz and 2.8% at 1.4MHz ) 
3.3. P-CFICH Structure
No additions to existing P-CFICH structure are envisioned. Some co-ordination on values signalled on P-CFICH of different component carriers may be helpful, especially if a PDCCH within another component carrier conveys the RA information for PDSCH. i.e., UE implementation may be slightly simplified if it can assume that same ‘number of control symbols’ is used in all aggregated component carriers. 
4. UL MAC to PHY mapping 

For UL carrier aggregation, similar issues exist with regard to whether a TB can be mapped to multiple component carriers. Here, frequency diversity gain should also be weighed against power consumption, especially in the case of non-contiguous aggregation where multiple RF chains and PAs could be required. Similar to the DL discussion, the benefit of allowing a TB to spread over multiple component carriers is yet to be established.

As to the PDCCH (for UL grant) and TB relationship, it is similar to the DL case where allowing one PDCCH transmitted from one component carrier to schedule UL resources of one or more component carriers to corresponding number of TBs can be beneficial and worth further study.
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