3GPP TSG-RAN WG1 #69
R1-121997

Prague, Czech Republic, 21st-25th May 2012
Source:
Ericsson, ST-Ericsson
Title:
Antenna ports for ePDCCH
Agenda Item:
7.6.1


Document for:
Discussion and Decision
1. Introduction

At RAN1 #68bis, the following was agreed:

· 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 present our view on the antenna port association and configuration. First we would like to clarify our view on the use of localized and distributed transmissions (or better allocations). From the UEs perspective we propose two possible antenna port associations for an ePDCCH message:

· An ePDCCH use only one AP in the PRB pair (UE specific precoding)

· An ePDCCH use multiple AP in the PRB pair (diversity transmission)

Localized allocation is targeted UE specific precoding used with CSI feedback available with PMI as well as using frequency selective CSI. For distributed allocations we see some benefit of using wideband precoding, especially in the case a CSI feedback mode with only wideband CSI feedback is configured for the UE. Distributed allocation can also be combined with diversity transmission to give both frequency and antenna diversity in case of broadcast messages in the common search space or in the case the CSI feedback from the UE is unavailable or not suitable for UE specific precoding of ePDCCH. Irrespectively of whether the ePDCCH is transmitted using localized or distributed allocation, the important thing for the UE performing channel estimation is whether UE specific precoding or diversity transmission is used since it has an impact on the used antenna ports.

We will not discuss the antenna port association of UE specific precoding and diversity transmission separately. 
2. UE specific precoding

In our view, UE specific precoding should be supported for both localized and distributed ePDCCH allocations. Combining distributed allocation and UE specific precoding requires only wideband PMI feedback and show good performance. When a UE is demodulating an ePDCCH candidate, the antenna port (AP) to use for demodulation in a given PRB pair is given without consumption of blind decoding attempts by defining an implicit mapping between the used eREGs and the AP. 

For example, in the case of 8 eREG per PRB pair, eREG #n can be associated with antenna port 
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 for n=1,..,8. With such implicit mapping formula, when the ePDCCH uses more than two eREG in the PRB pair, more than two antenna ports will be associated to the ePDCCH with this implicit AP association rule
. Therefore some configuration is needed to select which one of the multiple AP candidates to use.  If this configuration is obtained by UE specific signaling, MU-MIMO with orthogonal DMRS is possible for UEs that use the same eREGs but different AP. 

The configuration can be explicitly RRC signaled or dependent on the UE ID etc. We don’t see the purpose of introducing dedicated RRC signaling to resolve ambiguities of which AP to use to receive the ePDCCH. The AP association can instead be linked to the UE ID as the C-RNTI. Some examples how this is achieved is shown in Figure 1. Hence, we propose the following:

Proposal:  The AP to use for ePDCCH demodulation with UE specific precoding is implicitly determined by the index of the used eREGs and the C-RNTI.
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Figure 1 eREG to AP association example for UE specific precoding with 8 eREG per PRB pair where 1 eCCE equals 2 eREG. When the aggregation level is larger than 1 eCCE, the UE ID (C-RNTI) resolves the ambiguity of which AP to use. Figure 1(a) shows aggregation level 1 eCCE where each eCCE is associated with an antenna port and Figure 1(d) shows aggregation level 4 eCCE. 
Some concerns were raised on the channel estimation complexity compared to the case where a UE is explicitly configured a specific AP to always be used. It should be noted that the UE channel estimation is dimensioned to receive a PDSCH transmission using TM 9 over 100 RB in one subframe, possibly with 2 or 4 DMRS antenna ports per PRB pair. This requires 200 to 400 DMRS based channel estimates per subframe, plus additional wideband channel estimates for the CRS antenna ports. Hence, the channel estimation complexity for the ePDCCH reception is marginal compared to the channel estimation capability a Rel.10 UE is already dimensioned for.

The number of channel estimates a UE is required to perform for blind decoding of all ePDCCH candidates depends on the search space design. The search space can be constructed so that eCCEs used for AL=1 are used as building blocks for AL>1 and thereby can the channel estimate be re-used across aggregation levels.

Proposal: The search space should enable re-use of channel estimates between aggregation levels 

The following example illustrates this: Assume that a UE monitors localized ePDCCH of aggregation level 1,2,4 and 8 with 6,6,2 and 2 candidates respectively and that 4 PRB pairs has been configured to the UE. Each eCCE is associated with an antenna port. In Figure 2, AP 7 in PRB pair 1 is used in demodulating both an AL=1 and an AL=2 candidate and also the AL=4 and part of AL=8 candidate in PRB pair 1 (not shown). Hence, the total number of channel estimates the UE needs to perform to perform all 32 blind decodes in the UE specific search space is only six. 
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Figure 2 Localized allocation where each PRB pair has 4 eCCE and each eCCE is associated with an antenna port. In PRB pair 1 and 3, the UE needs to estimate AP 7 and AP 9 and in PRB pair 2 and 4 only AP7, in total 6 channel estimates to perform the 32 blind decodes.
Another UE may then have a different UE specific search space (as it has a different C-RNTI) and monitors eCCE#2 and #4 for its AL=1 candidates and therefore use AP 8 and AP 10 respectively.  This UE then use AP 8 and AP 10 also for AL=2,4 and 8 candidates and thereby also require six channel estimations. 
The proposal can thus be summarized as:

· Very low number of required channel estimates (6 in the examples above for whole UE specific SS)

· At most 2 channel estimates is needed per PRB pair. 

· The channel estimates can be reused for all aggregation levels the UE may monitor in a PRB pair. 

· MU-MIMO of m DCI messages with orthogonal DMRS is possible in a PRB pair for AL=m where m=2,4
3. Diversity transmission

The clear use case of diversity transmission is together with distributed allocation. The same principle of implicit association as for UE specific precoding should be used for diversity transmission to keep the commonality and again to avoid unnecessary signaling. More importantly, diversity transmission is used to transmit the common search space so the AP to be used when receiving an ePDCCH must be known without requiring any configuration by signaling. Hence, it cannot be tied to a UE ID as for the UE specific precoding since the UE ID is not known for e.g. RA-RNTI transmission or the message is of broadcast type as for SI-RNTI, M-RNTI and P-RNTI. Even when C-RNTI is used for diversity transmission, we don’t see the need for any signaling of which antenna port to use. We propose the following: 

Proposal:  The AP to use for ePDCCH demodulation for diversity transmission is implicitly determined by the index of the used eREGs.
Diversity transmission means that antenna ports can be shared from the eNB perspective and from the UE perspective that more than one AP needs to be estimated per PRB pair as to achieve antenna diversity within the PRB pair, see [1] for our discussion on antenna diversity. Hence, there will be a many to one association between eREG and AP. 

An association between AP and eREG according to Figure 3 gives spatial diversity of order two for each eCCE (e.g. eREG pair). Following the same principle as for localized allocation, channel estimates performed for lower aggregation levels can also be re-used for the higher aggregation levels, hence the number of channel estimates per PRB pair can be limited to two. 
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Figure 3 Antenna port associations for diversity transmission with 8 eREG per PRB pair where 4 AP and 2 AP are assumed to be used per PRB pair.
Figure 3 shows two cases of using 4 and 2 AP per PRB pair for diversity transmission respectively. Using 2 AP out of 4 AP implies that more power per AP is guaranteed compared to the 4 AP case where power boosting of e.g. eREG 1-4 relies on whether eREG 5-8 are used. On the other hand, using 2 AP per PRB pair limits the multiplexing of UE specific precoding and diversity transmission in the same PRB pair; see Figure 4 and the further discussion in [2]. 
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Figure 4 Association between eREG and AP with multiplexing of UE specific precoding (blue) and diversity transmission (red) in the same PRB pair using all 4 antenna ports. For AL=2 (using 4 eREGs), the AP is chosen between AP 9 and AP 10 based on the C-RNTI. 

4. Conclusion

Based on the discussion we have the following proposals:
Proposal:  The AP to use for ePDCCH demodulation with UE specific precoding is implicitly determined by the index of the used eREGs and the C-RNTI.
Proposal: The search space should enable re-use of channel estimates between aggregation levels 

Proposal:  The AP to use for ePDCCH demodulation for diversity transmission is implicitly determined by the index of the used eREGs.
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� Note that the use of eREG is introduced due to distributed allocation. Their use makes less sense for localized allocation since the granularity is on the eCCE level. However, to keep a unified design for the ePDCCH, and to be able to multiplex ePDCCH transmitted with localized and distributed allocations in the same PRB pair, we use the eREG definition also for UE specific precoding with localized transmission. 
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