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1 Introduction

During the RAN WG1 #60 meeting there was a rather lengthy discussion on whether to adopt option 1 as baseline or not. The discussion did not conclude on any agreement one the linkage between PDCCH and PDSCH/PUSCH. 
2 Discussion
2.1 Linkage between PDSCH/PUSCH and PDCCH

Three different proposals on linkage between PDSCH/PUSCH and PDCCH have been discussed. The first option was option 1, which is defined as follows

A UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC

For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

The main reason for introducing cross-carrier scheduling with the carrier indicator field was to facilitate ICIC on the control channel in heterogeneous network deployment. In such a scenario one of the component carriers would carry the PDCCH and PHICH for both component carriers. The reason is to mitigate interference from another layer in the network deployment. A more detailed discussion of the different scenarios is provided in ‎[2]. A configuration with the PDCCH on one component carrier serving PDSCH and PUSCH on two component carriers is shown in Figure 1. It is clear that option 1 need at least to be supported because otherwise there is no linkage between PDCCH and PUSCH/PDSCH.

Proposal 1:

· Adopt option 1 as baseline.
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Figure 1: Cross carrier scheduling only from one component carrier

Figure 2 shows a configuration with the PDCCH on two component carriers serving PDSCH and PUSCH on four component carriers. As the main purpose of supporting heterogeneous network scenarios is already achieved with the configuration in Figure 1, the benefit of supporting the configuration in Figure 2 would be additional scheduling flexibility.
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Figure 2: Cross carrier scheduling from two component carriers
Proposal 2:
· Possibility to configure multiple downlinks CC to carry CIF.

In principle if any further flexibility should be allowed there is a trade-off between additional scheduling flexibility and an increase in false detection. The false detection is impacted as follows: 

· In case CIF is not configured the false detection per PDSCH/PUSCH is X. 

· In case CIF is configured with option 1 the false detection per PDSCH/PUSCH will become X/8, since the CIF field will act as a virtual CRC. 

· If additional links between CC are created the false detection will increase by X/8 per component carrier. 

Two linkage proposals where discussed that are extensions of option 1, i.e. modified option 1 and option 2, which are rather similar in their definitions. Modified option 1 is defined as follows:

Modified Option 1: For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier. 

For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.

Modified option 1 relies on that the DCI payload sizes are equal between the different CCs. It is not clear whether padding of the DCI formats to align the sizes between the different CC is assumed in the design or not. If we assuming that no padding is done between the DCI formats to set them to the same size, the linkage between CCs has to change depending on transmission mode on the different CCs. It is then not clear how this change should take place and how the actual linkage between CCs is setup. It is further not clear whether the linkage between the PDCCH and PDSCH/PUSCH is different for different DCI formats, as DCI format 0/1a may be aligned in size between the different CCs but the DCI formats that are tied to a specific transmission mode have a different linkage.

A similar analysis can be done for option 2, with the definition of option 2 as follows:

Option 2: Support scheduling a PDSCH/PUSCH CC from more than one DL CC 

For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario 

For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF

Option 2 can operate in the same way as modified option 1, but is not limited to that. Instead it is also possible to think of situations where the number of blind decodes are configured among the different PDSCH/PUSCH so that in total the number of blind decodes does not increase. If padding of DCI formats is not assumed, option 2 suffers also from the same problematic issue in case of reconfiguration of transmission mode.
Common for both of these options is that it is not clear in which scenario they should be applied in, and further also what the extra scheduling flexibility will result in as LTE Rel-10 has to be design to have sufficient scheduling flexibility without assuming CIF, where there is a single linkage between CC. It is further beneficial from an implementation and testing perspective that the design of CIF is as common to the design of no CIF as possible since both modes clearly have to be supported by Rel-10 UEs.

Considering that there are many aspects that are unclear with the design of modified option 1 and option 2, and that it is clear that option 1 is needed, we should agree on option 1 as baseline and further study if there are any benefits of adopting any modification to option 1, taking the whole design in to consideration as well as specific use cases.

3 Conclusions

In this contribution we have analyzed the linkage between PDSCH/PUSCH and PDCCH and propose:
· Option 1 is adopted as baseline.
· Possibility to configure multiple downlinks CC to carry CIF.
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