3GPP TSG RAN WG1 Meeting #71                                                    

   R1-125065
New Orleans,  USA,   Nov  12-16, 2012
Title: 
Discussion On Remaining Issues for EPDCCH
Source: 
Research In Motion, UK Limited

Agenda Item:
6.2.3.7
Document for: 
Discussion
1. Introduction 
In RAN1 70bis meeting, the configuration of starting symbol of EPDCCH was discussed and the agreement was reached as follows [1]:
Agreement:
· If the UE is not configured in TM10: 

· Per-cell higher layer signalling can be transmitted to indicate the OFDM starting symbol for any EPDCCH on that cell, and PDSCH on that cell scheduled by EPDCCH 

· if this signalling is not provided, the starting OFDM symbol of EPDCCH and PDSCH scheduled by EPDCCH is derived from PCFICH

· A single value of OFDM starting symbol is applicable to both EPDCCH sets (if 2 are configured)

· Up to RAN2 to determine the details of the higher layer signalling 

· FFS until Thursday for case of SPS PDSCH in subframes where the UE monitors EPDCCH

· FFS whether there may be some subframes in which this higher layer signalling is not applicable, e.g. for RACH/paging

During the discussion, some points were clarified mainly on that if cross-carrier is configured, then whether a UE should monitor EPDCCH on the SCell. The outcome of the discussion was to maintain Rel-10 principle, i.e. it is not allowed to schedule PDSCH to a given UE on a given Cell from more than one Cell in a given subframe.  Hence, if cross-carrier scheduling is configured for a given UE on a given SCell, it is not possible also to use EPDCCH on the same SCell to schedule PDSCH on that same SCell in the same subframe.

The remaining questions related to the above discussion are: 

1. In subframes when UE does not monitor EPDCCH on an SCell, is it permitted to configure cross-carrier scheduling from PDCCH from another Cell? 

2. Do we need to support CIF in DCI carried on EPDCCH? 
In this contribution, some discussions on these aspects are provided. 
2. Reaming issue on supporting EPDCCH for CA

2.1. Supporting both EPDDCH on SCell and cross-carrier scheduling

As introduced in Rel-11, EPDCCH will be transmitted in legacy PDSCH region. A UE could be configured to monitor its EDCCH in both time and frequency domain. In frequency, EPPDCH sets could be configured for each UE, while in time, certain subframes could be configured for UE to monitor USS in EPDCCH.  For those subframes which UE is not configured for EPDCCH, it could monitor legacy PDCCH.

To support CA, EPDCCH could be transmitted on different carriers. For each carrier (cell), EPDCCH could be separately configured in both frequency and time.  For example, EPDCCH could be configured for a UE on a SCell. As one of the benefits of using EPDCCH is to mitigate the inter-cell interference, this could be especially useful for a SCell which experiences strong inter-cell interference. For example, if a SCell configured for a pico-eNB experiences strong interference from macro-eNB in a Hetnet deployment, by transmitting control channel in EPDCCH region on SCell from the pico-eNB could reduce the interference from macro-eNB and therefore improve the performance. 
In Rel-10, cross-carrier scheduling is adopted to mitigate the interference experienced by a SCell, which is before the introduction of EPDCCH in Rel-11. As these two solutions could resolve the same issue, and whether to use them both or use either one of them needs to be considered. For example, if EPDCCH is configured on SCell for a UE,  whether there is a need to configure cross-carrier scheduling for this UE. 
As discussed at RAN1 #70bis meeting, the Rel-10 principle of monitoring only one carrier for control channel needs to be followed,  thus the UE should not monitor two carriers for its control channel in the same subframe.  Therefore, the UE should not monitor both cross-carrier scheduled PDCCH on PCell  and  EPDCCH on its SCell at the same time to avoid unnecessary extra blind decoding efforts.  However, as a UE could be configured to only monitor certain subframes for EPDCCH, the remaining question would be whether it could be configured to monitor cross-carrier scheduled PDCCH from PCell in those subframes not configured for EPDCCH monitoring on SCell. 

In Rel-11, if EPDCCH becomes  a mandatory feature, it  means all Rel-11 UEs should support it.  If a UE also has cross-carrier scheduling capability, then it could support both EPDCCH and cross-carrier scheduling in different subframes. The benefit to support both EPDCCH and cross-scheduling may come from the following aspect:

· It would allow more flexibility on control channel loading assignment between PCell and SCell. The eNB could allocate different number of subframes for UE to monitor EPDDCH on SCell depending on number of users it needs to support. If there are more numbers of users it needs to support, more subframes could be configured for EPDCCH monitoring on SCell, thus, offloading control channel from the PCell. For those subframes on SCell which a UE is not configured to monitor EPDCCH, the UE could monitor cross-scheduled PDCCH on PCell. That could allow UE to receive control channel in every subframes. 
As mentioned earlier, if a UE could support both EPDCCH and cross-carrier scheduling, then it should have no issue to support one of such feature in different subframes (but not both in the same subframes). As EPDCCH configuration is on SCell, while cross-scheduling is on PCell, a new feature needs to be defined or configured for Rel-11, namely, for those subframes that a UE is not configured to monitor EPDCCH on SCell, or if such configuration is not provided, for those subframes as defined in 36.213, Sec 9.1.4, where UE shall not monitor EPDCCH,  UEs shall monitor PDCCH on PCell if cross-carrier scheduling is also configured.  
The discussion could be summarize as follows

Proposal: 
· The cross-carrier scheduled PDCCH could be monitored in those subframes that UE will not monitor EPDCCH on SCell. 
2.2. Support CIF in EPDCCH
Another issue in supporting EPDCCH for CA is whether it needs to support EPDCCH for cross-carrier scheduling, or in other word, whether to support CIF in EPDCCH.  If we could recall the rational to support cross-carrier scheduling in Rel-10, the main motivation is to mitigate the strong inter-cell interference that the PDCCH transmit on SCell could experience. With the introduction of EPDCCH, such interference mitigation could   be achieved partially on SCell. That eases the need to introduce cross-carrier scheduling for EPDCCH. Certainly, such mitigation is not fully verified especially in some extreme case such as large CRE in Hetnet scenario.  On the other side, as Rel-10 cross-carrier scheduling is implemented for legacy PDCCH, it may not be useful in the future when new carrier type (NCT) is introduced. For example, the Rel-10 cross-carrier scheduling could not be used for CA between two NCTs because there is no legacy PDCCH on a NCT.  Furthermore,  EPDCCH with CIF could provide some benefits in splitting control and data on different carriers, for example, transmitting all EPDDCH on one carrier, while transmitting data on another carrier, so such feature could be beneficial in the future. 
Our preference on this is summarized in the following proposal

Proposal:  
· Not to introduce CIF for EPDCCH in Rel-11, but could consider it in future releases   
3. Conclusions

In this contribution, some remaining issues regarding EPDCCH support for CA are discussed which could be summarized as below 
· The cross-carrier scheduled PDCCH could be monitored in those subframes that UE will not monitor EPDCCH on SCell. 

· Not to introduce CIF for EPDCCH in Rel-11, but could consider it in future releases   
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