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1
Introduction

Rel-11 approved Carrier Aggregation (CA) Enhancement WID includes UL and DL physical layer signalling for investigation [1]. In RAN1 #66 meeting, DL signaling enhancement for CA were discussed and possible areas for PDCCH capacity enhancement for CA has been concluded [2]. In this contribution, we discuss our view on possible schemes of PDCCH capacity enhancement for applicable scenarios. 
2
Discussion on PDCCH capacity Enhancement

Intuitively, PDCCH format size, aggregation level and CCE resource allocation for UE specific search space all result in restriction on PDCCH capacity based on Rel-8/9 and Rel-10 framework [3]. System deployment (e.g. CoMP scenario 4) and configuration (such as MBSFN subframe and MU-MIMO) as well as increasing number of UEs in the system will show PDCCH bottleneck even more obvious in practical cases. In Rel-11 CA, with more component carriers and cross carrier scheduling scenarios, such as CA based Hetnet, intra/inter band CA, and non-backward compatible carrier type, the PDCCH capacity enhancement becomes more crucial. There are mainly two categorized directions for mitigating PDCCH capacity challenge:

· Reduction of control channel overhead (e.g. number of DCI messages) and message size;  

· Enhancement of control channel efficiency (e.g. interference coordination/MU-MIMO or coverage improvement by beamforming gain) and resource (e.g. ePDCCH).
In the following, we focus on the reduction part since it’s more intuitive and can be applied to all scenarios.
Reduction of control channel overhead

For CA, the simplest way to reduce control channel overhead due to the number of DCI messages is the joint-coding of DCI for multiple CCs per UE and/or message-grouping for a group of UEs (e.g. similar to group power control DCI with possible limited RNTI resource). Depending on the level of joint-coding (e.g. how many CCs) and/or message-grouping (e.g. how many UEs), the constructed control message (after joint coding and/or message grouping) could inherently contain larger payload compared to Rel-10. Yet, certain repeating overhead in original separated CC and/or UE control message could be indeed reduced (e.g. CRC which contributes significant overhead but with no meaning for control information). To maintain the same coding rate or at least the same aggregation level (which could affect PDCCH capacity), further reduction of payload size of constructed control message is necessary. 

Reduction of control message size

Under Rel-10 framework [3], there are DCI formats defined, each including control fields such as HARQ process number, NDI, RV, carrier indication, TPC command, RB assignment/grant, MCS, and/or precoding info as well as additional field(s), such as CRC and indication flag. Assuming that the channel condition changes relatively small between (re)transmissions/assignments/grants on a CC or for a UE, some control fields could be omitted in the control message to further reduce control message size (e.g. size of constructed control message) without significant influence to the performance (e.g. performance degradation should be evaluated). For example, fields like RV (e.g. predefined or semi-statically configured pattern between toggled NDI), carrier indication (e.g. semi-statically configured carrier group and/or resource mapping), TPC command (e.g. unchanged or gradually increase), RB assignment/grant (e.g. contributes significant overhead and could be unchanged), MCS, and/or precoding info might be considered for removal in the constructed control message and corresponding UE(s) considers the omitted fields unchanged or follow a certain adjustment/change pattern since last assignment/grant in a previous normal control message or constructed control message, at least between toggled NDI.
Analysis of concerned issues 
Basically, following above two reduction processes, it’s expected that the PDCCH capacity can be improved. However, it’s also understood that distinct level of control-info-omission as well as joint-coding and/or message-grouping could result in distinct DCI format and size. Any additional DCI format and size could bring additional complexity in both encoding and decoding so that it’s believed that additional number of DCI formats and sizes should be limited. Consequently, finding proper reduction level(s) (e.g. level of control-info-omission as well as joint-coding and/or message-grouping) for limited additional DCI format(s) is important and should be further tuned and evaluated in conjunction with the consideration on overhead reduction gain (or in contrast capacity gain), performance impact (e.g. due to omission of control fields) and complexity. 
On the other hand, it’s reasonable to take into consideration which search space (e.g. common search space or specific search space) is used for the constructed control message and whether there is predefined relationship of subframes between received control messages (e.g. normal control message(s) and/or constructed control message(s)). For, complexity in blind decoding, power consumption and robustness are both consequently related. 
As to the backward compatibility aspect, only Rel-11 and beyond UEs would recognize the additional DCI format(s) of constructed control message while PDCCH capacity enhancement would benefit overall UEs (e.g. also including UE in previous releases) at scheduling decision (e.g. more scheduling flexibility) in the system.  
In the aspect of standardization impact for RAN1-4, RAN1 needs to evaluate (e.g. overhead reduction gain, performance impact, and complexity etc) and define additional DCI format of constructed control message while RAN2 might consequently be required to evaluate and provide corresponding configuration signal. In addition, we see no impact to RAN3 and RAN4 (unless additional performance test requirement necessary). 
According to discussion above, we consider that reduction of control channel overhead by joint-coding and/or message-grouping and reduction of message size by control-info-omission should be supported in Rel-11. In addition, under possible consensus on the evaluation assumption, proper reduction level(s) for limited additional DCI format(s) should be further evaluated in conjunction with the consideration on overhead reduction gain, performance impact and complexity.
3
Conclusions

In this contribution, we mainly address methods and scenarios of PDCCH capacity enhancement with analysis of potential issues. We consider that reduction of control channel overhead by joint-coding and/or message-grouping and reduction of message size by control-info-omission should be introduced in Rel-11. In addition, under possible consensus on the evaluation assumption, proper reduction level(s) for limited additional DCI format(s) should be further evaluated in conjunction with the consideration on overhead reduction gain, performance impact and complexity.
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