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1 Introduction

In RAN1 #58 meeting, it was agreed that [1]:
· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier
· No carrier indicator field
· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field
· Rel-8 DCI formats extended with 1–3 bit carrier indicator field
· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decoding is desirable

When CI field is used to perform cross-carrier scheduling, some issues for DL control signaling design will arise. In this contribution, we provide some views on these issues.

2 PCFICH

No additions to existing PCFICH structure are envisioned. It is quite possible that the traffic load among component carriers is different. If control region sizes (CFI value) across all component carriers were same, it will cause scheduling restrictions or inefficient resource utilization due to excessively large control region on some component carriers. So it is preferable to set CFI value of each component carrier individually. However, when cross-carrier scheduling is performed (PDSCH and the corresponding PDCCH are not located on the same carrier), the PCFICH detection error on carrier where the PDSCH is transmitted will make the UE fail to detect the right starting OFDM symbol of PDSCH. Then the UE would store some incorrect data in the HARQ buffer and feedback a NACK response, which would propagate errors through the subsequent HARQ combining and probably require RLC ARQ. This problem may cause critical performance degradation, especially for the cell-edge UEs with relative low SINR [2].
To alleviate this problem, one possible solution is to incorporate a CFI indicator field with the CI field in DCI format which can inform the UE about the CFI value of the carrier where the corresponding PDSCH is transmitted. For example, assumed a 3 bit CI field is applied, 1extra bit plus the CI bits can indicate the CFI value of up to 5 carriers.
3 PHICH 

Since the PHICH of LTE had been quite well designed, about the PHICH of LTE-A, there is a common view that the principle of LTE should be reused as much as possible, for simplicity and backwards compatibility. 
In LTE-A, it is possible to have multiple DL/UL carriers with symmetric or asymmetric configuration. A PHICH design transparent to the UL/DL carrier configuration and pairing is desirable. There are two major aspects of the LTE-A PHICH design;
· Mapping rules:
A LTE-A UE may be scheduled on multiple DL and UL component carriers and the pairing between the DL and UL carriers may be cell-specific or UE-specific[3], a UL carrier may be associated with several DL carriers and possible vice versa. Different LTE-A UEs in a cell can have different UL/DL carrier configurations. 
If multiple UL carriers are associated with one DL carrier, PHICH resources reserved on one DL carrier will have to provision for multiple UL carrier resources, Rel-8 mapping rules should be extended. there are two kinds of solution: one is to use a single set of PHICH resources that are shared by PHICHs for all the UL carriers is assigned, along with carrier indexing [6]

 REF _Ref242074767 \r \h 
[5]or UL Carrier-specific shifts [6]. This option requires less standardization efforts but does not increase the total PHICH resource. In another solution, multiple sets of PHICH resources are assigned for the UL Carriers, where one set is accessible by both LTE and LTE-A UEs, while the other sets are accessible by only LTE-A UEs [6].This option increases and separates the PHICH spaces but requires additional standardization efforts.
Since the strategy of UE’s carrier aggregation is not very clear now, whether multiple UL carriers associated with one DL carrier is necessary and corresponding mapping rules need further consideration.
· Carrier linkage
For resource efficiency and implementation simplicity, the ACK/NAK for a PUSCH should only be transmitted on one of the aggregated DL CCs. Since multiple DL carriers may have PHICH resources reserved for one UL carrier, rules for selecting one from multiple available DL carriers for the corresponding PHICH transmission should be defined.
There are two main options considered in RAN1 so far:
Option 1. DL CC for PHICH transmission is the same as that used for the transmission of the UL grant. This is mentioned as the preferred solution in [8][5] [7]

 REF _Ref227853169 \r \h 
[8]
Option 2. DL CC for PHICH transmission is linked to the UL CC used for PUSCH transmission in a cell-specific manner.[9]
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[10]
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[11]
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[12]
Both options have their own pros and cons, as discussed in many relevant contributions. In fact, considering the variety of deployment scenarios and carrier assignment/pairing, both options may be necessary, especially when CI is included to support cross-carrier scheduling.
In [13], a solution that can exploit the advantages of both solutions is proposed. The solution introduces a single indicator bit in the UL grant or in the higher layer signaling (RRC signaling) to indicate if the PHICH carrier linkage should be based on the DL CC used for the UL grant (dynamic linkage) or the cell-specific UL/DL CC linkage (cell-specific linkage).However, we think that an implicit manner to select the linked carrier should also be considered. The implicit manner can be summarized as following:

· PHICH is sent on the DL carrier where the UL grant was transmitted, if the DL carrier has PHICH resources reserved for the corresponding PUSCH transmission; otherwise, PHICH is sent on the DL carrier linked to the UL carrier used for the corresponding PUSCH transmission in a cell-specific manner.
In fig 1, a UE is assigned three DL carriers and UL carriers, where DL CC#1 and CC#2 have reserved PHICH resource for UL CC#1 and CC#2; DL CC#3 only has reserved PHICH resource for UL CC#3. For simplicity, we assumed the uplink grant for PUSCH transmission on a particular UL CC can be transmitted on any one of the DL CCs aggregated.
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Fig 1 PHICH resource reservation

For example, if UL grant for a PUSCH transmission on UL CC#1 is sent on DL CC#1, then the corresponding PHICH should be on DL#CC1.If UL grant for a PUSCH transmission on UL CC#1 is sent on DL CC#3, since there is no PHICH resource reserved for UL CC#1, the corresponding PHICH should be on DL#CC1 or DL#CC2 which can be decided in a cell-specific manner. 
4 PDCCH
There are several issues about carrier indicator:

· presence of CI field 
It is agreed that the presence or not of CI field (1a & 1b) should be semi-statically enabled. This can be done in a cell-specific or UE-specific way. Since UEs may have different channel conditions and traffic demands, UE-specific way (by dedicated RRC signaling) is preferable. Furthermore, for a UE, PDCCHs with or without CI fields for different carriers should be allowed to co-exist in the cell.
· size of CI field

There are two methods for adding CI bits: a fixed 3 bits CI is to be used, or the number of added CI bits is adjusted to the number of assigned CCs for the UE. A fixed size of CI bits may result in some redundant overhead when system only has (or the UE is assigned) a small number of CCs. An adjustable size of CI bits may result in multiple payload sizes for one DCI format and may need extra padding bits to handle the ambiguous sizes problem. To reduce the overall complexity of DCI format design, a fixed size of CI is preferred.
·  PDCCH blind decoding
Without any restriction, PDCCH can transmit on any assigned DL component carriers upon which cross-carrier scheduling are enabled. It is quite possible that the assigned component carriers may have different DCI format sizes due to different transmission modes and/or different carrier bandwidths. So the UE may have to check all the possible DCI formats on each assigned DL component carrier and the number of blind decoding attempt will increase dramatically. 
If introducing some kind of restriction e.g. PDCCH only transmitted on some particular DL component carriers (i.e. PDCCH monitoring subset), the number of blind decoding attempt can be reduced, but due to the limitation on the size of UE specific search space, PDCCH blocking probability will increase and degrade the flexibility of frequency scheduling. Also, PDCCH load balancing among multiple CCs needs to be considered carefully.
Since several aspects about PDCCH blind decoding (e.g. maximum BD attempt per carrier, target Probability of False detection, new transmission mode and DCI formats, etc) are unclear now, further investigation is needed to evaluate the pros and cons of any possible methods properly.
Since the presence or not of CI field should be semi-statically in UE-specific way, it is natural that the blind decoding complexity of both options should be equal and approximate to that of Rel-8. 
5 Conclusion
In this contribution, we provide our views on some issues for DL control signaling design:
· No additions to existing PCFICH structure are envisioned.
· incorporate a CFI indicator field with the CI field in DCI format may help to alleviate the problem caused by PCFICH detection error
· principle of LTE PHICH should be reused as much as possible 
· Since the strategy of UE’s carrier aggregation is not very clear now, whether multiple UL carriers associated with one DL carrier is necessary and corresponding mapping rules need further consideration.
· the ACK/NAK for a PUSCH should only be transmitted on one of the aggregated DL CCs
· An implicit manner to select one from multiple available DL carriers for the corresponding PHICH transmission should be considered:

· PHICH is sent on the DL carrier where the UL grant was transmitted, if the DL carrier has PHICH resources reserved for the corresponding PUSCH transmission; otherwise, PHICH is sent on the DL carrier linked to the UL carrier used for the corresponding PUSCH transmission in a cell-specific manner.
· For PDCCH,
· The presence or not of CI field should be configured in UE-specific way. For a UE, PDCCHs with or without CI field s for different carriers should be allowed to co-exist in the cell.
· A fixed CI field should be incorporated in DCI formats to support cross carrier scheduling.
· The blind decoding complexity of both options should be equal and approximate to that of Rel-8.
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