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1 Introduction 
This contribution discusses principles and details in DMRS port determination, based on following agreements reached in the past RAN1 meetings:  
· 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.
2 Principle in DMRS port determination
Low complexity in channel estimation
It was recognized that it can help to reduce the channel estimation complexity by defining explicit RRC signaling to inform UE of DMRS port determination. On the other hand, implicit association between DMRS ports and resource sets does not preclude the channel estimation complexity reduction. Take one example of localized ePDCCH candidate [3] as shown in Figure 1, where ePDCCH candidates are limited to occupy two resource sets for both AL=1 and AL=2, and therefore the number of channel estimation per PRB pair does not exceed 2.
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Figure 1 localized ePDCCH candidates in UE search space
Proposal: The channel estimation complexity should not be considered major measurement to DMRS port determination solution. The reduction of channel estimation complexity needs to be jointly considered with search space design anyway.
Support MU-MIMO interference coordination on DMRS

In order to better support the DMRS orthogonality between two TPs, the DMRS port determination can be configurable so that the same resource set in two TPs can have different DMRS ports, which however may cause port blocking between UEs served by the same TP, if one ePDCCH candidate occupies single resource set per RB. On the other hand, if one ePDCCH candidate occupies more than one resource set per RB, port blocking is less an issue for single layer transmission based on DMRS.    
Proposal: Support to MU-MIMO is considered only when the ePDCCH candidate occupies more than one resource set per PRB pair. 

Flexible multiplexing of ePDCCHs with low probability on port blocking
The DMRS port determination should be designed in such a way that, when UEs use different resource sets per RB to transmit ePDCCH, the chance to allow DMRS orthogonality between UEs should be maintained as large as possible, which means the similarity in DMRS port determination among different ePDCCH transmission schemes, including localized/distributed beamforming and transmit diversity, should be strived as large as possible. Although it is inevitable to have different associations to be introduced for beamforming and certain transmit diversity scheme, which may cause some port blocking and therefore affect scheduling flexibility, careful design of DMRS port association can reduce the port blocking. One example of ePDCCH multiplexing and port association is shown in Figure 2 .
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Figure 2 Multiplexing of ePDCCHs in different transmission schemes
Proposal: Reduction of port blocking probability should be an important design criterion for DMRS port determination, in support of multiplexing of ePDCCH candidates in either the same or different transmission schemes.  
3 Design for DMRS port association
This section studies the association between the DMRS port and the resource set index. It is assumed that each PRB pair contains four resource sets, since maximum four DMRS ports are supported per PRB pair. This is in line with our design of ePDCCH candidates in [3], which shows 1, 2 and 4 eCCEs within one RB can be occupied by one ePDCCH candidate, even though the resource set referred in this paper can be a more general concept than eCCE. For simplicity purpose, it is assumed that resource set indices within one PRB pair are allocated continuously to single ePDCCH candidate. 
CL/OL Beamforming

1) If only one resource set per PRB pair is occupied by an ePDCCH candidate 
As pointed in section 2, MU-MIMO is not a typical scenario when ePDCCH candidate only occupies one resource set in one PRB pair, and the support of configurable DMRS port may result in port blocking. Therefore, multiple association configurations should not be considered in this case. Based on the above considerations, some choices for association between DMRS port and resource set are given in Table 1, where RBn and RBm refer to the port associations in different RBs for the same ePDCCH candidate. 
	Base Association for CL/OL beamforming

	
	Alt1
	Alt2
	Alt3

	
	RB n 
	RB m 
	RB n
	RB m
	RB n
	RB m

	Resource set 1
	Port 7
	Port 7
	Port 7
	Port 7
	Port 7
	Port 9

	Resource set 2
	Port 8
	Port 8
	Port 9
	Port 9
	Port 9
	Port 7

	Resource set 3
	Port 9
	Port 9
	Port 8
	Port 8
	Port 8
	Port 10

	Resource set 4
	Port 10
	Port 10
	Port 10
	Port 10
	Port 10
	Port 8


Table1 Base association for CL/OL BF when 1 resource set is occupied in a PRB pair

If only CL beamforming is considered, Alt1, Alt2 and Alt3 may have little performance difference. But flexible ePDCCH multiplexing should be taken into account for the design of the base association. It is noted that when 2 resource sets are occupied in one RB, open-loop BF or SFBC with ports {7, 9} or ports {8,10} is more suitable for power boosting, thus Alt2 and Alt3 have better flexibility in ePDCCH multiplexing. 

ePDCCH will suffer the interference from neighbor TPs and requires schemes to mitigate inference for RS. If frequency ICIC is not available when high load case, ePDCCH will be likely interfered by PDSCH with low rank(<=2) transmission from neighboring TP. This means REs of neighboring PDSCH will more likely interfere ePDCCH in port9/10 and port 7/8 have less interference. For BFed ePDCCH, distributed mapping with shift the association in different RBs can mitigate this in balance interference among ports. So our preference is Alt3.
When one resource the set is occupied in one PRB pair, both CL beamforming and OL- beamforming only use one DMRS port, so the association can be shared. For both distributed BF(if support) and localized BF, the same association can also be used.
Proposal： 

· Alt3 in Table1 should be supported as a base association between antenna ports and resource set when only 1 resource set is occupied per PRB pair, without multiple association configurations.
· The same base association should be used for both OL-MIMO and CL MIMO

· The same base association should be used for both distributed BF(if support)and localized BF.
2) If two resource sets in a PRB pair are occupied by an ePDCCH candidate

It is noted that when the number of occupied resource set is greater than 1, configurable Association_2resourcesets does not result in port blocking, and can ensure ePDCCHs DMRS orthogonality between different TPs. We therefore propose Association_2resourcesets should be configurable. Some alternatives have been shown as following:

	Association_2resourcesets for CL/OL-MIMO(per RB precoder)

	Alt1


	
	Cfg1
	Cfg2

	
	
	RB n
	RB m
	RB n
	RB m

	
	Resource set 1
	Port 7
	Port 7
	Port 9
	Port 9

	
	Resource set 2
	Port 7
	Port 7
	Port 9
	Port 9

	
	Resource set 3
	Port 8
	Port 8
	Port 10
	Port 10

	
	Resource set 4
	Port 8
	Port 8
	Port 10
	Port 10

	Alt2


	
	Cfg1
	Cfg2

	
	
	RB n
	RB m
	RB n
	RB m

	
	Resource set 1
	Port 7
	Port 9
	Port 9
	Port 7

	
	Resource set 2
	Port 7
	Port 9
	Port 9
	Port 7

	
	Resource set 3
	Port 10
	Port 8
	Port 8
	Port 10

	
	Resource set 4
	Port 10
	Port 8
	Port 8
	Port 10


     Table2 Association_2resourcesets CL/OL-MIMO(per RB precoder)when 2 resource sets are occupied in a PRB pair

For localized transmission, both Alt1 and Alt2 perform well on interference coordination, and also can satisfy the requirement of nested feature, the performance difference is very small between Alt1 and Alt2, but Alt2 perform better than Alt1 on interference randomization. For example, when localized transmission is done, for the same the UE Alt2 allows TP to dynamically choice port7 (8) or 9 (10) by scheduling, however Alt1 only allows TP to semi-statically select port7 (8) or 9 (10), which means that Alt2 can deal with a variety of DMRS interference by more flexible scheduling. Similar to the previous considerations, since there is the shift between DMRS port7 (8) or 9 (10), Alt2 better DMRS interference randomization effect than Alt1 in the distributed transmission.
For OL-MIMO, if only per RB precoder is considered, and Association_2resourcesets configuration can be reused, but the per eCCE precoder can achieve higher diversity order and better transmission performance [4], therefore another configuration is needed to support two precoder OL MIMO within the RB, as shown in the Table3 below.
	Association_2resourcesets for OL-MIMO (per CCE precoder)

	
	Cfg3

	
	RB n
	RB m

	Resource set 1
	Port 7
	Port 9

	Resource set 2
	Port 9
	Port 7

	Resource set 3
	Port 8
	Port 10

	Resource set 4
	Port 10
	Port 8


        Table3 Association_2resourcesets OL-MIMO(per CCE precoder)when 2 resource sets are occupied in a PRB pair

Proposal： 

· Association_2resourcesets should be configurable for MU-MIMO and OL-MIMO

· Both cfg1 and cfg2 of Alt2 in Table2 and the cfg3 in Table3 should be supported   

3) If four resource sets in a PRB pair is occupied by an ePDCCH candidate

UE determine DMRS ports according to Association_4 resource set. In Association_4 resource set for CL-MIMO, only a port is used for 4 resource set. Similar with Association_2 resource set, Association_4 resource set should also be configurable, a number of alternatives have been given as following:

	Association_4resourcesets for CL/OL-MIMO(per RB precoder)

	Alt1


	
	Cfg1
	Cfg2

	
	Resource set 1
	Port 7
	Port 8

	
	Resource set 2
	Port 7
	Port 8

	
	Resource set 3
	Port 7
	Port 8

	
	Resource set 4
	Port 7
	Port 8

	Alt2


	
	Cfg1
	Cfg2
	Cfg3
	Cfg4

	
	Resource set 1
	Port 7
	Port 8
	Port 9
	Port 10

	
	Resource set 2
	Port 7
	Port 8
	Port 9
	Port 10

	
	Resource set 3
	Port 7
	Port 8
	Port 9
	Port 10

	
	Resource set 4
	Port 7
	Port 8
	Port 9
	Port 10


           Table4 Association_4resourcesets CL/OL-MIMO(per RB precoder)when 4 resource sets are occupied in a PRB pair
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Figure 3                                          Figure 4
As we can see from Figure 3 and Figure 4, Alt1 have more advantages in the DMRS overhead savings, and the preceding analysis also pointed out that Alt1 is more beneficial to PDSCH interference measurements, therefore, it is recommended to support Alt1.
Similar to the case that 2 resource set are occupied within the PRB, the higher order of diversity in the OL MIMO can bring more antenna diversity gain [4]. As the support of DMRS power boosting is considered, the application of two precodings within each RB also brings a good open-loop gain, we can consider the following configuration in Table5:

	Association_4resourcesets(per CCE precoder)

	
	Cfg3

	
	RBn
	RBm

	Resource set 1
	Port 7
	Port 9

	Resource set 2
	Port 7
	Port 9

	Resource set 3
	Port 10
	Port 8

	Resource set 4
	Port 10
	Port 8


         Table5 Association_4resourcesets OL-MIMO(per 2CCE precoder)when 4 resource sets are occupied in a PRB pair

Proposal： 

· Association_4resourcesets should be configurable for MU-MIMO and OL-MIMO.
· Both cfg1 and cfg2 of Alt1 in Table4 and the cfg3 in Table5 should be supported.   
Transmit diversity with shared RS
SFBC with shared RS has good diversity performance, but brings more standardization complexity and some impact on flexibility of ePDCCH multiplexing; now there are no conclusions on whether we should introduce SFBC whit more than 1 shared DMRS ports in a PRB pair or not. We are neutral on whether to introduce these antenna diversity schemes. If SFBC is supported, the UE can determine the associations according to whether ePDCCH candidate occupy four resource sets within the entire PRB, and further determine the use of DMRS port based on the association. Some alternatives for Association_notfullresourcesets are given in Table6.
	
	Association_notfull_shared RS（for not full resource sets are occupied in a PRB pair）

	
	Alt1
	Alt2

	Resource Set 1 and 2
	Port 7,9
	Port 7,8

	Resource Set 3 and 4
	Port 8,10
	Port 9,10


Table6

Compared with the case that port7, 8 or port 9, 10 are used in Alt2, the case that port7, 9 or port8, 10 are used in Alt1 is more suitable for power boosting. So our preference is Alt1.

	
	Association_full_shared RS（for full resource sets are occupied in a PRB pair）

	
	Alt1
	Alt2

	
	Cfg1
	Cfg2
	Cfg1
	Cfg2

	Resource Set 1 and 2
	Port 7,9
	Port 8,10
	Port 7,8
	Port 9,10

	Resource Set 3 and 4
	
	
	
	


Table7

Even though for SFBC, The coordination of DMRS ports should also be taken into account to obtain more area splitting gain when the entire RB is occupied, and it is needed to support two kinds of DMRS ports configuration.

Proposal： 

· If transmit diversity with shared RS is supported, ports {7,9} and {8,10} are used.
· Configurable DMRS port should be supported when the full resource sets in the RB are occupied.
4 Conclusion
This contribution proposes that:

Proposal-1: Consider following as design principle for DMRS port determination.
· The channel estimation complexity should not be considered major measurement to DMRS port determination solution. The reduction of channel estimation complexity needs to be jointly considered with search space design
· Support to MU-MIMO is considered only when the ePDCCH candidate occupies more than one resource set per PRB pair.
· Reduction of port blocking probability should be an important design criterion for DMRS port determination, in support of multiplexing of ePDCCH candidates in either the same or different transmission schemes
Proposal-2: When only one resource set within PRB pair is occupied by an ePDCCH candidate, the corresponding DMRS port determination is only based on implicit association with resource set, but does not depend on UE-specific configuration; when more than one resource set per PRB pair is occupied by an ePDCCH candidate, the UE-specific configuration of DMRS port association can be allowed.
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Appendix 

Table A1 – Simulation assumption for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System bandwidth
	10 MHz

	Channel model
	ETU

	UE velocity
	3km/h

	Number of antenna per eNodeB
	2

	Number of CRS ports
	2

	Number of antenna per UE
	2

	DCI Format 
	Format 2C(45bit)

	ePDCCH Transmission scheme
	CL MIMO, distributed transmission

	Number of layers per UE
	1 layer

	Modulation 
	QPSK

	TTI
	10000

	Receiver detection
	MMSE-IRC

	CSI feedback
	Wideband PMI/CQI

	CSI-RS Period
	5ms

	Number of Legacy PDCCH symbols
	3 

	Channel estimation on DMRS
	2D MMSE

	Channel coding
	CC

	CQI feedback cycle
	5TTI

	CQI delay
	5TTI
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