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1. Introduction 
In RAN1#68bis, the following agreements were reached on SU-MIMO and DMRS port allocation for E-PDCCH [1]:

Agreement:
· Rank-2 SU-MIMO is not supported for a single blind decoding attempt
Agreement:

· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission

In this contribution, we discuss first the computational complexity of assigning a single DMRS port vs. multiple DMRS ports to E-PDCCH candidates at a given aggregation level (AL). Then we provide our views on how to assign DMRS port to an E-PDCCH candidate using a combination of resource based allocation and UE specific configuration.  
2. DMRS port allocation for different E-PDCCH candidates
2.1. DMRS port allocation options
For resource linked DMRS port allocation, there seems to be two options discussed in RAN1#68bis (see [2]-[6] for example). The two options can be summarized as follows:
· Option 1:  A single DMRS port is allocated for all E-PDCCH candidates of a UE at each given aggregation level.  The allocation could be either implicitly or explicitly signalled. 

· Option 2:  The DMRS port for an E-PDCCH candidate is linked to the E-PDCCH resource and different DMRS ports may be allocated to different E-PDCCH candidates within a PRB pair.

Although option 1 has some advantage in terms of channel estimation complexity, it does impose some scheduling constraints in terms of which UEs can be scheduled in the same PRB pair.  An example for aggregation level 1 with six candidates is shown in Figure 1. It can be seen that for option 1, both UE1 and UE5 would be allocated to the same DMRS port 7.   If eCCE4, for example, is scheduled for UE1, then UE5 cannot be scheduled to eCCE5 to eCCE7 in VRB2.  While for option 2 based port allocation, there is no such restriction because ports 8 to 10 would be allocated to eCCE5 to eCCE7, respectively, for UE5. 

[image: image1]
Figure 1: An example of DMRS port allocation for aggregation level 1 under option 1 and option 2
Another example for aggregation level 2 with four candidates is shown in Figure 2, where for option 2, the DMRS port linked to the first eCCE of a candidate.  Again, for option 1, E-PDCCHs for UE1 and UE3 cannot be scheduled in the same PRB pair. Similarly, E-PDCCHs for UE2 and UE4 cannot be scheduled in the same PRB pair. While for option 2, there is no such restriction. 
While in Figure 1 and Figure 2, only examples of all UEs having the same aggregation levels are shown, the same reasoning extends to the full scenario where each UE have candidates of multiple aggregation levels in its search spaces. In summary, the following observations can be drawn from the above discussion:

Observation:

· Option 1 imposes some scheduling constraints and thus is less efficient in terms of E-PDCCH scheduling

· Option 2 does not have such scheduling constraints


[image: image2]
Figure 2: An example of DMRS port allocation for aggregation level 2 under option 1 and option 2

2.2. Channel estimation complexity comparison
Now let’s look at the differences in channel estimation complexity between the two options.  Channel estimation for an eCCE allocated with DMRS port 
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 in a PRB pair consists typically of the following two steps:
· Step1:  estimate channel 
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· Step2:  estimate the channels at the rest of the RE locations 
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 of the eCCE by interpolation in both time and frequency domains,   i.e. 

[image: image8.wmf])

,

(

)

,

(

)

,

(

)

(

l

k

h

l

j

k

i

c

j

i

h

p

DMRS

k

l

å

å

-

-

=


In case of option1, step1 needs to be done once for all E-PDCCH candidates in a PRB pair based on a single DMRS port.  While in case of option2, step1 needs to be done for each E-PDCCH candidate in a PRB pair, because different DMRS ports are used for different candidates.  The computations required in step 2 are the same for both of the options.  

Observation: the difference of channel estimation complexity between the two options is only in step1.
For each DMRS port, step1 needs 12 complex multiplications and 6 additions. While for each RE in an eCCE, step2 needs 6 multiplications and 5 additions.  
Table 1
 shows a comparison of the computational complexities between the two options for scenarios shown in Figure 1 and Figure 2.  Two OFDM symbols for PDCCH and two CRS ports are assumed, resulting in 108 REs available for E-PDCCH per PRB pair.  It can be seen that the computational saving by option 1 over option 2 at aggregation level 1 is less than 5% on multiplications and 3.2% on additions in the best case.  The saving is less than 2% at aggregation level 2 in the best case.  For aggregation levels 4 and 8, an E-PDCCH occupies respectively one and two full PRB pairs. Therefore, a single DMRS port would be used for E-PDCCH demodulation in a PRB pair and thus the channel estimation complexity  is same for both options. 
Table 1: Comparison of channel estimation complexity in a PRB pair between option 1 and option 2 at aggregation level 1 and aggregation level 2.
	Aggregation level
	Scenario
	Allocation option
	Ch.est. Step 1 
	Ch.est. Step 2 
	Total 
	Saving by option 1 over option 2

	
	
	
	Multiply
	Add
	Multiply
	Add
	Multiply
	Add
	Multiply
	Add

	1
	UE1, UE2, UE3, UE5
	Option 1
	24
	12
	972
	810
	996
	822
	4.6%
	2.8%

	
	
	Option 2
	72
	36
	972
	810
	1044
	846
	0%
	0%

	
	UE4
	Option 1
	36
	18
	972
	810
	1008
	828
	3.4%
	2.1%

	
	
	Option 2 
	72
	36
	972
	810
	1044
	846
	0%
	0%

	2
	UE1,UE3
	Option 1
	24
	12
	1296
	1080
	1320
	1092
	1.8%
	1.1%

	
	
	Option 2 
	48
	24
	1296
	1080
	1344
	1104
	0%
	0%

	
	UE2,UE4
	Option 1
	36
	18
	1296
	1080
	1332
	1098
	0.9%
	0.5%

	
	
	Option 2 
	48
	24
	1296
	1080
	1344
	1104
	0%
	0%


In summary, the following observation can be made from Table 1:

Observation:

· The computational saving by option 1 is insignificant 

Based on the above observations, we have the following proposal:
Proposal:

· Given that option 1 has insignificant computational saving while impose significant scheduling constraints, option 2 is preferred for DMRS port allocation.  In other words, different DMRS ports should be allocated to different E-PDCCH candidates within a PRB pair based on their resources.
3. DMRS port allocation based on combination of E-PDCCH resource and a UE-specific configuration
For aggregation level L>1, there are more DMRS ports than the number of E-PDCCH candidates in a PRB pair.  This makes scheduling MU-MIMO possible for E-PDCCH by allocating different DMRS ports to two UEs.  The question is then how to allocate different DMRS ports to different UEs in a PRB pair. 
Option 1: DMRS port is determined by a combination of E-PDCCH resource and RRC configuration.  
In this case, a UE is configured with a DMRS port for AL=4 & 8 and a pair of DMRS ports for AL=2 through RRC signaling.  For AL=4 & 8, either port 7 or 8, is configured; while for AL=2, either ports {7,9} or {8,10} is configured, where the port within the configured pair of ports is determined by the E-PDCCH resource. 
Let 
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 are the resource for an E-PDCCH with AL=L, where 
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, then in one example the DMRS port could be assigned  to the E-PDCCH as follows:

DMRS port number =  
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where 
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could be signaled to the UE by RRC.   
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could indicate port 7 for AL=4 & 8 or a set of ports {7,9} for AL=2, and 
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 could indicate port 8 for AL=4 & 8 or a set of ports {8,10} for AL= 2. For AL=2, the determination of a specific port in the configured set of ports could depend on the eCCE resources of an E-PDCCH candidate. 
Although RRC signaling could be used to assign DMRS port for a UE, for MU-MIMO purpose, the assignment may need to be changed from time to time to facilitate UE pairing.  This would introduce additional signaling overhead as well as synchronization between the eNB and a UE.  On the other hand, such semi-static configuration of DMRS ports by RRC signaling could introduce scheduling restriction on paring MU-MIMO transmission for E-PDCCH because two UE with the same DMRS ports could not simply be paired for MU-MIMO in the same subframe. 
Option 2: DMRS port(s) is determined by a combination of E-PDCCH resource, a UE’s RNTI and the subframe index. 

Unlike in the PDSCH case, for E-PDCCH two UEs can only be paired for MU-MIMO if their search spaces overlap in a subframe. So it makes sense to assign different DMRS ports to UEs with overlapping search spaces.    In addition, since the search spaces of a UE changes from subframe to subframe in a pseudo-random fashion,   it is reasonable to also make the DMRS port allocation vary from subframe to subframe.  Furthermore, for interference randomization purpose, the allocation should be balanced among different DMRS ports, i.e. E-PDCCHs allocated to each DMRS port should be balanced in each subframe. 
So an alternative approach may be to link a DMRS port also to a UE’s search space, which is a function of a UE’s RNTI and subframe index. This would firstly avoid the signaling overhead. Secondly, it is possible to allocate different DMRS ports to UEs with overlapping search spaces for potential MU-MIMO pairing in a subframe.  Thirdly, it makes the DMRS port assignment to a UE vary from subframe to subframe so that two UEs cannot be paired in one subframe may be paired in a different subframe for MU-MIMO. 
 Let  
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DMRS port number =  
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where 
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is the number of eCCEs per PRB pair and 
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is a variable used to find the search space in subframe k for each aggregation level.  The same Rel-8 definition of 
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could be used for E-PDCCH.    This could allow UEs with partially overlapping search spaces be allocated with orthogonal DMRS ports.   
An example is shown in Figure 3, where four PRB pairs are allocated for E-PDCCH transmission and {6,2,2} candidates are assumed for aggregation level {2,4,8}, respectively. For aggregation level 1, different DMRS ports are allocated to E-PDCCHs over different eCCEs in a PRB pair.   For aggregation level 2, one of two sets of DMRS ports, i.e. {7,9} and {8,10}  is allocated to a UE depending on the start of the search space.  One of the two DMRS ports within the allocated set is then determined according to the eCCE location within a PRB pair.  

For aggregation levels 4 and 8, one of two DMRS ports {7,8} is allocated  depending on the start of the search space.  Note that UEs with adjacent 
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values would be allocated with orthogonal DMRS ports.
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Figure 3: An example of DMRS port assignment for E-PDCCHs with different aggregation levels
Proposal:

· For aggregation level greater than one, DMRS port allocation  to an  E-PDCCH could be determined by a combination of the E-PDCCH resource and a UE-specific configuration
· The UE specific configuration could be either a RRC signaling of the DMRS port(s) or a combination of  a UE’s RNTI and the subframe index
4. Conclusions

In this contribution, two implicit DMRS port assignment options for E-PDCCH are discussed.  It is observed that the saving of channel estimation complexity by assigning a single DMRS port for all E-PDCCH candidates is insignificant (<5%) comparing to that of assigning different DMRS ports to different E-PDCCH candidates.  In addition, we have shown that linking the DMRS port of an E-PDCCH to the search space of a UE has some potential benefits over RRC signalling and is worth to consider.  The following proposals can be drawn from the discussions: 
Proposals:
1. To maximize scheduling flexibility, different DMRS ports could  be allocated to different E-PDCCH candidates within a PRB pair based on their eCCE resource allocations;
2. For aggregation level greater than one, the DMRS port for an E-PDCCH could be determined by  a combination of  the E-PDCCH resource and a UE specific configuration

· The US specific configuration could be either a RRC signaling of the DMRS port(s) or a combination of  a UE’s RNTI  and the subframe index 
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