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1. Introduction
In RAN Plenary session #51, a study item for DL MIMO enhancement is agreed and one of the scopes with top priority is shown as follows [1]. 
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including: 

· Evaluate UE CSI feedback enhancements, including: 

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO 

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios 

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included 

· Evaluate enhancements for downlink control signalling: 

· to support MU-MIMO; 

· based on UE-specific reference signals
One of sub-scopes is to evaluate enhancements for downlink control signaling to support MU-MIMO based on UE-specific reference signals.  This paper provides our views and preliminary investigation on PDCCH enhancement for DL MU-MIMO and CoMP.



2. Performance Impact on MU-MIMO and CoMP due to PDCCH Capacity
In Rel-10, RAN1 has agreed to add one new transmission mode, TM9, and one new DCI format, 2C, to support dynamic switching between SU-MIMO and MU-MIMO in TM9.  Regarding to the needs of additional new DCI format specifically for MU-MIMO in Rel-10, there is no consensus among different companies though some companies provide simulation results showing that the performance of MU-MIMO may be deteriorated due to the limited PDCCH capacity [2].  A simple example shown as follows is used to illustrate a possible reason why the performance MU-MIMO is impacted due to the limited PDCCH capacity.
Example: Suppose there are two subbands, 4 UEs in a cell and for each subband, the maximal rank is two.  The maximal PDCCH capacity is to allow maximal 2 UEs to be scheduled in one TTI.  The following two tables show the scheduling results for the cases with unlimited PDCCH capacity and limited PDCCH capacity.
Table 1 - Scheduling Results for MU-MIMO with Unlimited PDCCH Capacity
	
	Layer-1
	Layer-2
	Throughput

	Subband #0
	UE #0 (optimized)
	UE #1 (optimized)
	T0

	Subband #1
	UE #3 (optimized)
	UE #4 (optimized)
	T1


Table 2 - Scheduling Results for MU-MIMO with Limited PDCCH Capacity
	
	Layer-1
	Layer-2
	Throughput

	Subband #0
	UE #0 (optimized)
	UE #1 (optimized)
	T0

	Subband #1
	UE #0 (suboptimized)
	UE #1 (suboptimized)
	T2


In table 1, optimal scheduling is achieved by select the best-match UEs for each subband and the total throughput is (T0 + T1).  However, it consumes 4 downlink schedulers to schedule 4 UEs.  In table 2, optimial scheduling is achieved by selecting best-math UEs for subband  #0 but suboptimal scheduling is carried out by select 2nd best-match UEs for subband #1 due to the limitation of PDCCH capacity.  The total throughput obtained in table 2 is (T0 + T2).  Because for subband #1 no optimal scheduling is achieved, the throughput of subband #1, T2 is less than T1.  Therefore, the total throughput of MU-MIMO with limited PDCCH capacity is less than that of MU-MIMO with unlimited PDCCH capacity.  In other words, the scheduling of MU-MIMO is limited by the PDCCH capacity and thus it impacts the system performance.  However, the above example is just a very special case.  Though [2] provides similar results with detailed simulation, more simulation results are needed to evaluate how much is the impact.
For CoMP scenario 4, PDCCH capacity issues are also raised in Tdocs [3]~[7] and the corresponding possible solutions for PDCCH enhancement are proposed in RAN1 Session #64.  Since CoMP evaluation and discussion is unfinished yet and it’s still unclear how PDCCH capcity limitation impacts the performance of MU-MIMO, the necessity of related PDCCH enhancements remains weak.  It is suggested that further evaluation is required before any decision on PDCCH enhancements.  The following is our first proposal.
Proposal #1: It is still not clear how the PDCCH capcity limitation impacts the performance of MU-MIMO.  Further evaluation is required before any enhancement on PDCCH.


3. Specification Impact of PDCCH Enhancements
In this section, according to the proposals in previous Tdocs, possible specification impacts are preliminarily studied for each of them.  So far there are two candidate solutions to either mitigate the PDCCH capacity impact of MU-MIMO scheduler or directly increase the PDCCH capacity.  Two solutions are summarized as follows and possible corresponding specification impacts are listed below as well.
Approach #1: Compact DCI format for MU-MIMO [8][9]
This approach intends to design a new DCI format with low overhead to support MU-MIMO.  In order to keep the flexibility of scheduling, it is also suggested to support dynamic switching of SU-MIMO and MU-MIMO with this new DCI format.
Possible specification impact:

1) New definition of DCI format(s)
Approach #2: UE-specific PDCCH [3]~ [6]
This approach intends to design a new UE-specific PDCCH to enable the resource reuse for multiple UEs so as to increase PDCCH capacity for MU-MIMO.  The UE-specific PDCCH is not necessarily used for MU-MIMO scheduling only.  It is viewed as an extended space of existing PDCCH.  Detailed design of UE-specific PDCCH remains unclear.  One of possible candidates is the design similar to R-PDCCH.

Possible specification impact:

1) New design for UE-specific PDCCH

2) New definition of DCI format(s) (for dynamic signaling of UE-specific PDCCH only)

3) Defintion of search space (for both semi-static and dynamic signaling of UE-specific PDCCH)

4) New definition of RRC message(s) (for both semi-static and dynamic signaling of UE-specific PDCCH)

5) Resource allocation method of PUCCH ( for both semi-static and dynamic signaling of UE-specific PDCCH)

Comparing these two approaches, approach #1 introduces less specification impact, wherein only new DCI format(s) needs to be defined, while approach #2 introduces more specification impact, wherein not only PDCCH design and DCI format but also resource allocation of PUCCH may be affected.  However, approach #1 only can allieviate the capacity problem of PDCCH with some limitations while approach #2 can resolve the problem.  For future extension, it seems approach #2 is a better solution, especially for CoMP scenario 4.  Since the evaluation of CoMP scenarios is not completed yet and CoMP scenario 4 may be the only use case for PDCCH enhancements, it is hard to decide whether the enhancements are necessary and which approach is better at this time.  It is suggested to continue the evaluation and postpone the decision until the evaluation of CoMP scenarios is completed if there is no obvious needs for MU-MIMO after the evaluation.  The following is our second proposal.
Proposal #2: If there is no obvious needs of PDCCH enhancements for MU-MIMO after the evaluation, the final decision is postponed until the evaluation of CoMP scenarios is completed.


4. Conclusion

In this paper, we provide our views and proposals on PDCCH enhancements for DL MU-MIMO and CoMP in Rel-11.    Since it’s still unclear how PDCCH capcity limitation impacts the performance of MU-MIMO, the necessity of related PDCCH enhancements remains weak.  Further evaluation is required before any decision on PDCCH enhancements.  According to the discussion in CoMP, CoMP scenario 4 may be the only use case for PDCCH enhancements.  Decision on PDCCH enhancements can be postponed until the evaluation of CoMP scenarios is completed if there is no obvious needs for MU-MIMO after evaluation.  Proposals are summarized as follows.
Proposal #1: It is still not clear how the PDCCH capcity limitation impacts the performance of MU-MIMO.  Further evaluation is required before any enhancement on PDCCH.
Proposal #2: If there is no obvious needs of PDCCH enhancements for MU-MIMO after the evaluation, the final decision is postponed until the evaluation of CoMP scenarios is completed.
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