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Discussion and decision
1. Introduction
Good progress has been made with respect to DM-RS / antenna port association and ePDCCH transmission during RAN1#69 with the following overall agreements being available: 
Previous agreement from RAN1 #68
· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS

· rank 3 and 4 SU-MIMO is not supported
Previous agreement from RAN1#68bis
· At least for localized 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 signaling, UE ID, etc.)

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

Additional agreement on localized allocation from RAN1#69:

· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Additional working assumption on distributed allocation from RAN1#69:
· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 

· The associated AP for each used eREG/RE is used for ePDCCH demodulation

· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.

Additional agreements on spatial diversity for ePDCCH have been reached RAN#69 as follows
· The spatial diversity scheme for ePDCCH is implementation-dependent beamforming (subject to specifying which antenna port is applicable for each group of REs)

· UE may assume that the same precoding applies on all REs of one ePDCCH within one group of REs (1 <= one group of REs <= PRB pair, exact details FFS).

· One antenna port is identified to the UE as the phase reference for each group of REs

· Distributed transmission should be supported also for aggregation level 1
In this contribution we present our proposal on the final details of antenna port association taking the following aspects into account:
· Antenna port “blocking” in general including 

· multiplexing possibility of spatial diversity and non-spatial diversity operation within a PRB pair

· multiplexing possibilities for UE transparent MU-MIMO
· no additional blocking due to antenna port availability as compared to blocking due to search space overlap

· UE complexity

2. Antenna port association side conditions
In this section we discuss the DM-RS antenna port side conditions for normal CP and extended CP.
For normal CP the following assumptions apply:

· REs of DM-RS ports 7 to 10 (i.e. AP7 to AP10) are not available for ePDCCH transmission and therefore 4 DM-RS ports are available for ePDCCH operation with normal CP

· This assumption is a logical consequence of the following related RAN1#69 discussion
· Agreement: “At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs)”
· Way forward: “Aim to include the possibility to multiplex (from eNB perspective) localized and distributed ePDCCHs in the same PRB pair in the ePDCCH design (search space, antenna port mapping, eREG) if possible without unacceptable adverse impacts.”
The agreement reached so far implies that a DCI transmitted on the ePDCCH for a given UE is mapped to one or more groups of REs within a PRB pair. Here each group of REs is precoded with a single precoding vector, and therefore associated with a specific DMRS antenna port. The single phase reference used in the demodulation of a group of REs is obtained from the corresponding DMRS antenna port. Thinking now on how to use the available 4 DM-RS ports, we can again consider two different operation modes:

1. “Beamforming” – i.e. a single group of REs for a UE within a PRB pair
2. Spatial diversity within a PRB pair – i.e. multiple groups of REs for a UE within a PRB pair. 
Note that spatial diversity transmission is also possible in the “beamforming” operation mode above, if the DCI is multiplexed to several PRB pairs, where the groups of REs in the different PRB pairs may be precoded using a different, possibly randomly selected, precoder.
For extended CP, there are currently no specific decisions available as such, except that we are restricted to two DM-RS antenna ports (p7 & p8). Due to the fact of only having 2 DM-RS ports available, a one-to-one association for up to 4 eCCEs will not be possible, as the number of eCCEs in a PRB pair is larger than the number of available antenna ports. But as for normal CP, again the two spatial transmission modes should be available – i.e. a single group of REs (“beamforming”) as well as multiple groups of REs in a PRB pair (“spatial diversity”). 
In the following two sections we discuss the details for beamforming and spatial diversity for normal and extended CP. 

3. AP association for beamforming

As a fact, that 4 DM-RS ports are available for normal CP and but only 2 ports for extended CP, the antenna port mapping has to be considered separately. 

2.1 AP association for beamforming (normal CP)
Based on the agreements of having a maximum of 4 logical/localized eCCEs in a PRB pair we present the logical eCCE structure of ePDCCH in Figure 1. 
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Figure 1: Up to 4 eCCEs to be multiplexed within a single PRB pair, allocation units (AU) 4 to 6 denote aggregated eCCEs

As agreed, for localized allocation/transmission there is a direct association of eCCE index to AP and for no aggregation, we can easily derive a simple one-to-one mapping in here shown in Table 1:

	eCCE/AU number
	DM-RS antenna port

	0
	p7

	1
	p8

	2
	p9

	3
	p10


Table 1: AP to eCCE association for localized beamforming operation for a DCI contained within a single localized eCCE

Based on this simple association, there is no antenna port blocking possible for localized transmission. In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is to be selected among the associated APs and used for ePDCCH demodulation. In Figure 2 a&b we present two possible solutions that could be thought of. 
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Figure 2: Two options for association of DM-RS antenna ports for DCIs covering more than one eCCE – (a) example one-to-one mapping and (b) UE search space specific component for aggregated eCCEs.
Looking at the example one-to-one mapping in Figure 2a, where the first antenna port of the aggregated eCCEs is used, the following features are apparent:
· No Antenna port “blocking” restriction 

· Limited (transparent) MU-MIMO scheduling options, as MU-MIMO is only possible through a combination of aggregation levels, e.g.:

· AU6/AL=4 with AU5/AL=2
· AU4/AL=2 with AU1/AL=1

· UE might need to derive channel estimates for different antenna port per each aggregation level in the blind decoding process within a PRB pair (also in case of the tree-like search space structure suggested in [1]).
In contrast to Fig. 2a, in the suggested structure in Figure 2b the antenna port used in the higher aggregation levels is the same as what is used on AL=1. The structure of Figure 2b is also free of antenna port blocking restrictions but has the following additional advantages as compared to Figure 2a:
· Improved MU-MIMO scheduling options: In addition to the flexibility given by Fig. 2a, the structure enables also MU-MIMO scheduling for the same aggregation levels, as there is not a one-to-one antenna port mapping present for higher aggregation levels.
· In case of a tree like search space design proposed in [2], the UE configured for localized allocation and “beamforming” operation will be only requested to derive the channel estimate based on a single antenna port, thus reducing the UE complexity. 

The guiding principle in the definition of the antenna ports should be that the blocking in ePDCCH scheduling occurs only/mainly through the search space definitions. If possible, no additional / different blocking should be imposed by the antenna port definition. This principle simplifies the ePDCCH design and makes it easier to keep the blocking characteristics under control.
Therefore, in case a single antenna port is used by the UE for “beamforming” operation for ePDCCH demodulation within a PRB pair, we prefer the UE specific determination which is implicitly given by the user specific search space. We believe that this type of UE specific configuration is sufficient and that no additional dependency is required. Especially considering the proposal of using C-RNTI for the definition of the antenna port used on higher aggregation levels, antenna port blocking in case of independent C-RNTI and ePDCCH USS definition might become an issue and is therefore not desirable as such. 
In order to reduce antenna port blocking when multiplexing localized and distributed allocation (both applying beamforming) within the same PRB pair (in case this type of transmission will be enabled), the same antenna port association should be used in the localized and distributed transmissions. In this case it is of advantage to strive to contain a DCI message within a single logical/localized eCCE in a PRB for distributed transmission as proposed in [2]. Such a design (i) limits blocking between the multiplexed localized and distributed allocations and (ii) potentially reduces the number of antenna ports for the UE to monitor within a PRB pair for distributed allocation and beamforming operation. The latter benefit may be made available by suitable search space design. But, as such, the same antenna port association can be used with respect to logical eCCEs for both – localized and distributed allocation. 

Observation: The same antenna port association for non-spatial diversity transmission can be used for localized and distributed allocations with respect to logical eCCEs.

Considering this observation also with respect to distributed transmission, the following proposals applicable for localized and distributed allocations are made: 

Proposal 1: For non-spatial diversity transmission using normal CP where the DCI message is contained within a single (logical) eCCE, an implicit one-to-one mapping is to be applied. 

Proposal 2: For non-spatial diversity transmission using normal CP and in case a DCI message uses multiple (logical) eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs for demodulation. The selection may be UE specific by making it implicitly derived from the configured user specific search space. 
3.2 AP association for beamforming (extended CP)

A one-to-one association for up to 4 eCCEs as such will not be possible, as the number of eCCEs in a PRB pair is larger than the number of available antenna ports (i.e. 2). We consider here the following two envisioned cases shown in Figure 3 based on the principles developed for normal CP / 4 DM-RS ports.

Both options have again the same behavior with respect to the tree-type of search space in a way that a UE only needs to create a channel estimate based on a single DM-RS port for decoding of varying aggregation levels in a PRB pair. Obviously both options have an issue of “antenna port blocking” for the lowest aggregation level in the same way. The only visible difference in here comes from the fact, that in Fig. 3a there is no antenna port blocking between orthogonal resources if AL=2 is considered (different antenna ports for AU4/eCCE0&eCCE1 compared to AU5/eCCE2&3). For Fig. 3b, even though the resources might be available/empty, some antenna port blocking will happen in 50% of the cases. On the other hand, Fig. 3b enables MU-MIMO also for AL2 with AL=1&2, whereas in Fig. 3a MU-MIMO is only possible on AL=4. We believe that normal orthogonal resource multiplexing should be given a higher priority compared to the potential (transparent) MU-MIMO multiplexing capabilities and therefore prefer the solution in Fig. 3a. 
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Figure 3: Two options for association of 2 DM-RS antenna ports – (a) eCCE0 & eCCE1 share the same port (b) antenna port cycling between eCCEs.

Proposal 3: For non-spatial diversity transmission using extended CP a DM-RS antenna port mapping according to 
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is to be applied where the DCI message is contained within a logical eCCE or allocation unit
4. AP association for spatial diversity

Now let’s focus on spatial diversity transmission, where within a single PRB pair different antenna ports (with potentially different precoders) are associated with different groups of eREGs/REs of a single DCI. 

Considering the limitations in terms of available DM-RS antenna ports (4 in total for normal CP and 2 for extended CP) and the need to potentially multiplex spatial diversity transmission (i.e. more than one AP for ePDCCH decoding within a PRB pair) together with non-spatial diversity transmission (i.e. one AP for ePDCCH decoding within a PRB pair), it seems that a spatial diversity order to 2 is to be selected. 

A higher spatial diversity degree (e.g. 4) which would anyhow only be possible for normal CP, would increase the probability for not being able to select orthogonal precoders as such. This comes from the fact, that when having only 2 antenna ports / diversity degree of 2, we can reuse the same antenna port and precoder of another eCCE as such and only apply at the second port an orthogonal precoder to the shared antenna port. Moreover, if diversity degree 4 for normal would be chosen, there would be no possibility to increase the DMRS power for better channel estimation reliability for normal CP case.

Proposal 4: The spatial diversity degree (i.e. number of groups for a UE within a PRB pair) for ePDCCH transmission in spatial diversity mode is equal to 2. 

2.2 AP association for spatial diversity (normal CP)

Whereas for extended CP the antenna port association as such for extended CP with having only 2 ports available will be rather straightforward, in case of normal CP several different approaches are possible. We try to illustrate this in Figure 4 – where Figure 4a is having an implicit antenna port mapping of the antenna port pairs [p7,p9], [p8,p10] and Figure 4b is having a fixed antenna port mapping to the antenna port pair [p7,p9]. 
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Figure 4: Two options for association of 2 DM-RS antenna ports for spatial diversity within a PRB pair and normal CP – (a) association similar as for non-spatial diversity transmission or (b) a fixed antenna port mapping independent on the search space candidate. 
Considering first the option in Figure 4a, the mapping procedure of the first antenna port is basically the same as in case of non-spatial diversity transmission given in the previous section. The second port is then chosen such that an antenna port pair of either {p7,p9} or {p8,p10} is formed. By using this mapping, there will be no “antenna port blocking” in a case of multiplexing non-spatial diversity and spatial diversity transmission within a PRB pair. The drawback in this option lies in the ability to perform power boosting on DM-RS, as all the antenna ports will be potentially utilized. 
In contrast, having a fixed antenna port mapping to ports {p7,p9} shown in Figure 4b, DM-RS power boosting can be applied for spatial diversity operation for normal CP. But there might be some “antenna port blocking” when trying to multiplex spatial diversity and non-spatial diversity transmission within the same PRB pair. 

Both options as such can be again in the same way applied to localized and distributed ePDCCH allocation – i.e. the same mapping can be used considering the logical eCCE/AU as reference point.
Both options clearly have their pros and cons as described above. We think, that the power boosting for DM-RS and therefore the improved detection reliability is of higher importance compared to the limitations of multiplexing spatial diversity and non-spatial diversity ePDCCH operation within a PRB.

Consequently we make the following general proposal applicable for localized and distributed allocation:
Proposal 5: For spatial diversity transmission using normal CP, a fixed group-to-antenna port mapping of the DM-RS port pair {p7,p9} is to be applied. 
4.2 AP association for spatial diversity (extended CP)

Needing to support spatial diversity transmission and having only two DM-RS ports available, there is actually only a single solution possible as such – namely having 2 groups, where the first group is mapped to p7 and the second group is mapped to p8 correspondingly. 

Proposal 6: For spatial diversity transmission using extended CP, a fixed group-to-antenna mapping of the DM-RS port pair {p7,p8} is to be applied.
4.3 Grouping of REs to the associated antenna ports

The only thing remaining here still is how the grouping of REs for spatial diversity transmission within a PRB pair is to be selected. The smallest element with respect to eCCE is the eREG for distributed allocation whereas for localized transmission it is not clear yet if an eREG will be defined. From each PRB pair, at least one eREG (or the smallest other unit with respect to localized eCCE) is to be used in the transmission of the DCI. So from this point of view, in order to guarantee spatial diversity within a PRB, the two different groups would need to be present already in the smallest ePDCCH component, i.e. in the eREG. 

From this point of view we suggest a simple RE-to-RE cycling of the antenna port from the pairs of DM-RS antenna ports. The groups within the smallest ePDCCH element would be therefore selected as [g0,g1,g0,g1,g0,g1….]. 

This will result for the example case of antenna port pair p7 for group g0 and p9 for group g1 and an eREG size of 4 with the following related antenna port mapping for spatial diversity transmission [p7, p9, p7, p9] for normal CP. For extended CP, the grouping within an eREG of size 4 would be [p7, p8, p7, p8] accordingly.  

The related proposal reads as follows:

Proposal 7: For spatial diversity transmission apply a RE level antenna port switching / group association within the smallest ePDCCH unit (i.e. eREG or similar). 
5. Conclusions
In this contribution, we discuss the remaining issues on antenna port mapping for ePDCCH. Our observations with respect to localized and distributed transmission can be summarized as:
Observation: The same antenna port association can be used for localized and distributed allocations with respect to logical eCCEs.

Based on this observation and the discussions related to antenna port association for ePDCCH in here lead to the following proposals on the final design of antenna port association:
· Proposal 1: For non-spatial diversity transmission using normal CP where the DCI message is contained within a single (logical) eCCE, an implicit one-to-one mapping is to be applied. 

· Proposal 2: For non-spatial diversity transmission using normal CP and in case a DCI message uses multiple (logical) eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs for demodulation. The selection may be UE specific by making it implicitly derived from the configured user specific search space. 

· Proposal 3: For non-spatial diversity transmission using extended CP a DM-RS antenna port mapping according to 
	AU6 – p7 or p8

	AU4 – p7
	AU5 – p8

	p7
	p7
	p8
	p8


is to be applied where the DCI message is contained within a logical eCCE or allocation unit
· Proposal 4: The spatial diversity degree (i.e. number of groups for a UE within a PRB pair) for ePDCCH transmission in spatial diversity mode is equal to 2. 

· Proposal 5: For spatial diversity transmission using normal CP, a fixed group-to-antenna port mapping of the DM-RS port pair {p7,p9} is to be applied. 

· Proposal 6: For spatial diversity transmission using extended CP, a fixed group-to-antenna mapping of the DM-RS port pair {p7,p8} is to be applied.

· Proposal 7: For spatial diversity transmission apply a RE level antenna port switching / group association within the smallest ePDCCH unit (i.e. eREG or similar). 
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