3GPP TSG-RAN WG1 #68bis
R1-121021
Jeju, Republic of Korea, 26th-30th March 2012
Source:
Ericsson, ST-Ericsson
Title:
Reference signals for ePDCCH

Agenda Item:
7.6.1


Document for:
Discussion and Decision
1. Introduction

In this contribution we discuss some further details for the ePDCCH reference signal design. It has been agreed to use antenna port 7-10 for the demodulation of the ePDCCH. These four antenna ports and associated DMRS including their relative multiplexing are well defined in TS 36.211. 

We propose that each PRB pair is divided into eight sets of RE, denoted extended resource element groups (eREG). Details can be found in [1]. In this contribution, we discuss how the UE determines the antenna port(s) to be used to demodulate an ePDCCH message, the use of transmit diversity, higher order modulation, scrambling and its associated initialization for the DMRS. 

2. Association of antenna ports

When a UE is demodulating an ePDCCH candidate, it is preferable if the DMRS, or antenna port (AP) to use for demodulation can be known without consuming blind decoding attempts. If the ePDCCH is mapped to multiple PRB pairs, it must know which AP to use in each PRB pair. There are basically two approaches to solve this issue, either a UE is configured with one or two (for antenna diversity) AP to use for demodulation of the ePDCCH, or the AP is implicitly given by the actual physical resources used to transmit the ePDCCH in each PRB pair. The former case has minimal UE complexity, as the UE only need to estimate one or two channels per PRB pair and then can perform the multiple blind decoding using these channel estimates. The drawback is the restriction on scheduling since two UEs having the same AP configured can not efficiently receive an ePDCCH in the same PRB pair since UE specific precoding is impossible. Hence, even if the search space is non-overlapping between UEs, there may be blocking due to a co-incident of same configured AP, so called antenna port blocking. 

We therefore prefer the latter approach, where the antenna port is implicitly given by the eREG an ePDCCH candidate is using for both localized and distributed transmissions. This completely avoids the antenna port blocking problem and the need for RRC configuration of antenna ports for each UE. A drawback is that the used antenna port becomes dependent on the aggregation level and which eREG are used so a UE must in some cases estimate four channels from all AP in the PRB pair. However, the additional channel estimation complexity is of less importance compared to the flexibility and benefits of an implicit association. Hence, we propose:

Proposal 1: The eREG(s) an ePDCCH is using within a PRB pair implicitly determines which AP(s) that may be used for demodulation of the ePDCCH.

The determination which AP to use for demodulation among the APs associated with the used eREGs depends on whether the ePDCCH is transmitted using UE specific DMRS or non-UE specific DMRS (diversity transmission). Whether a given ePDCCH is using UE specific precoding or not is assumed known to the UE, as it also impacts on the available ePDCCH candidates in the search space, see [2]. 

In Figure 1, the eREG to AP association is shown for diversity transmission where in general CCEs from multiple PRB pairs are used to form an ePDCCH candidate that has both frequency diversity and antenna diversity. Assume that an ePDCCH uses eREG 1+2, which corresponds to one CCE, the UE will estimate the channels from AP 7 and 8 respectively to demodulate the CCE in this PRB pair. Since the two eREGs use different antenna ports, antenna diversity can be achieved if the eNB use different (orthogonal) precoding vectors for the two antenna ports 7 and 8 respectively.  
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Figure 1 Association between eREG and AP for diversity transmission. The four rectangles exemplify four different ePDCCH transmissions using two eREGs each in this PRB pair.
When a transmitted ePDCCH is using UE specific precoding, the UE should assume that all eREG the ePDCCH is using (within a PRB pair) are associated with an AP that is precoded with the same precoding vector as the ePDCCH. Hence, a single AP could then be used for all these eREGs to further allow for power boosting of the ePDCCH in some cases.  Therefore, the association according to the diversity case shown in Figure 1 is used as a starting point but only one AP from the group of those AP associated with the used eREGs is used by the UE, see Figure 2.

Proposal 2: When UE specific precoding is used, only one antenna port per PRB pair is used for a given ePDCCH transmission in that PRB pair. 
Some rule need to be specified to select which AP the UE shall use (for example in Figure 2 can either AP 9 or AP 10 be used in the case eREG 5-8 are used).  
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Figure 2 Association between eREG and AP for transmission where all ePDCCH use UE specific precoding. The three rectangles exemplify different ePDCCH transmissions using two and four eREGs in this PRB pair.
Further note that since with this approach can each CCE (group of 2 eREG) be independently configured to transmit either a diversity transmission according to Figure 1 or a UE specific precoding according to Figure 2. So mixing of ePDCCH using diversity and UE specific precoding or alternatively localized and distributed transmission in the same PRB pair is possible. This implies that separate search spaces or separate PRB pairs configured for localized and distributed transmissions need not be designed. See also [2] for details for search space design.

3. Transmit diversity

Both localized and distributed transmission is agreed to be supported for the ePDCCH transmission. The localized transmission gives the possibility to exploit the knowledge of frequency variations and provide frequency selective scheduling gain of the ePDCCH. Furthermore, when PMI feedback is available from the UE, UE specific precoding can be used to further enhance the ePDCCH link. On the other hand, when only wideband CSI or no reliable CSI at all is available at the eNB, or when the ePDCCH is intended for more than a single UE, it is beneficial to transmit the ePDCCH in a non-directive, diversity manner. We denote this spatial diversity transmission and we believe that both need to be supported for the enhance control channels:

Proposal 3: Both UE specific precoding and spatial diversity transmission of an ePDCCH is supported.  

As can be seen in Figure 1, two-fold antenna diversity within a PRB pair is possible when an ePDCCH is using at least two eREGs in a PRB pair. This implies that two-fold spatial diversity can be achieved even for a single CCE. 

Furthermore, a diversity transmission scheme could be standardized, using e.g. Alamouti encoding or per-RE precoder cycling or it can be transparent to the UE, using e.g. per-eREG precoder cycling or per-PRB pair precoder cycling. The Alamouti based schemes are known to give the best performance but has the highest receiver complexity. In addition, compared to the PDCCH transmit diversity where Alamouti encoding is used, the situation is more complicated for the ePDCCH since it using the PDSCH region and is affected by puncturing by CRS, CSI-RS etc. which leads to the orphan symbol problem which reduces the performance benefit of Alamouti encoding. These orphans must handle in a special way in the receiver and further increase the UE complexity.

The per-RE precoder cycling implies that each RE has a precoding vector associated with it, specified in the standard. The UE then estimates two or four non-precoded channels per AP and then combines it with the predefined precoding vector to get the effective precoded channel for each RE the ePDCCH is using. This requires additional standardization efforts to specify a codebook and precoding vector cycling pattern and somewhat higher complexity in the UE, which needs to generate the effective channel, per RE. 

The transparent spatial diversity schemes have less UE complexity by precoding the ePDCCH and DMRS with the same precoding vector. Hence the same type of receiver can be used for both UE specific precoded and diversity ePDCCH transmission. Furthermore, the eNB have the possibility to use CSI information to enhance an ePDCCH transmission also in the diversity case as the actual used precoding vector is transparent to the UE. Our preference is a transparent diversity transmission scheme.

This can be achieved by per PRB precoder cycling or per eREG precoder cycling (eNB may select a different precoding vector for each PRB pair or per eREG respectively). See Figure 3 for an example of per-eREG precoder cycling that is standard transparent where an ePDCCH is using two eREG and each of them is mapped to different antenna ports according to Figure 1.  
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Figure 3 The association of eREG 1 with AP 7 and eREG 2 with AP 8 provides standard transparent antenna diversity for en ePDCCH that use these two eREG. Not that the eREG sets of REs in this figure is purely an example. 

Having the possibility for antenna diversity within a PRB pair is important for two reasons: When the system bandwidth is narrow, it is more challenging to exploit frequency diversity and having the possibility for antenna diversity within a PRB pair is then clearly beneficial. In addition, if only single order antenna diversity is possible within a PRB pair, it means that more PRB pairs must be used to reach a given desired diversity order, see an illustration in Figure 4. In our view it is better to restrict the number of PRB pairs an ePDCCH use to four and instead use at least two-fold antenna diversity within each PRB pair. This gives up to order 16 diversity (depending on the fading profile) for an ePDCCH of aggregation level 8, which is sufficient. 

The per PRB pair precoder cycling has an additional drawback that the antenna diversity gain is lost in a frequency selective channel because cycling through different pseudo-random precoding vectors in different PRB pairs does not give any additional channel variation to exploit on top of the natural frequency selective channel variations. 
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Figure 4  An example of diversity and distributed transmission of aggregation level 4 CCE (corresponding to 8 eREG where each eREG is a rectangle) having a potential diversity order of eight and where in (a), each PRB pair use two antenna ports and in (b) each PRB pair use only one antenna port

Proposal 4: Spatial diversity within a PRB pair is supported but transparent to the UE and an ePDCCH is using at least two different AP per PRB pair in such diversity transmission.     
4. Increased CCH spectral efficiency

There have been some discussions on ways to increase the CCH spectral efficiency above 2 bits/RE.  The proposals can be categorized into using multi-layer transmission or using higher order modulation. The multi-layer enhanced control channel can further be divided into the case where a UE receives multiple layers (i.e. SU-MIMO) or where each of the multiple-layers is transmitted to different UEs (MU-MIMO). 

Supporting MU-MIMO operation with non-orthogonal DMRS is natural for the CoMP scenario 4 cases to provide area splitting gains of the enhanced control channel, i.e., the same resource is used multiple times in the same cell. This is achieved using UE specifically configured ePDCCH resources and scrambling sequences which is discussed in the next section.

Supporting MU-MIMO operation with orthogonal DMRS needs more considerations since it requires that two UEs that share the same eREG associate this eREG to different antenna ports. There may then be issues with an increased number of blind decoding etc. to have the flexibility to pair arbitrary UEs for MU-MIMO transmission which is undesirable. 

Proposal 5: MU-MIMO with non-orthogonal reference signals is supported by UE specifically configured scrambling. Support for MU-MIMO with orthogonal RS is FFS. 

SU-MIMO transmission of a DCI to a UE would with 2 layer transmission double the achievable peak spectral efficiency to 4 bits/RE. However, this requires at least a rank 2 MIMO channel and some rank adaptation in the case the channel only supports rank 1. How to perform rank adaptation for the ePDCCH is unclear and can probably only be semi-static which would degrade the robustness of the control channel and can have serious impact on the system performance. A rank two transmission require two antenna ports per eREG to be defined, which further complicates the antenna port configurations and it may have an impact on the available AP for the other ePDCCH transmitted in the same PRB pair as the rank 2 ePDCCH transmission. Receiving a rank 2 transmissions also reduces the degrees of freedom available for spatial interference suppression in the UE, which will further jeopardize the robustness of the control channel. For these reasons, we propose that multiple layer transmission to the same UE is not supported when the enhanced control channel is transmitted.   

Proposal 6: Only single layer reception of an enhanced control channel is supported.

Legacy control channels use QPSK modulation but the spectral efficiency can without resorting to multi-layer reception be doubled to 4 bits/RE by introducing 16QAM for the for enhanced control channel, still using low complexity single layer receivers. An issue with 16QAM is that the EPRE ratio between the ePDCCH and DMRS needs to be known at the UE and ePDCCH power boosting can thus not be applied without also boosting the DMRS. Whether it at all is beneficial to apply power boosting for UEs that have such high SINR that they can utilize 16 QAM is questionable. It shall be noted that SU-MIMO transmission also requires knowledge of the ePDCCH to DMRS EPRE ratio to implement the MMSE-IRC receiver without losses so this is not only an issue for higher order modulation but for higher spectral efficiency transmissions in general. 

Those UEs with best channel quality, i.e. having ePDCCH aggregation level one, are the ones that are most likely to be candidates for high spectrally efficient ePDCCH transmissions. For the system to benefit from this, aggregation levels below one must be considered and further studied [4]

 REF _Ref319926890 \r \h 
[5]. For instance, using ½ CCE = 1 eREG = 18 RE for such high spectral efficient transmission could be used. A problem with such small resource utilization is that since a PRB pair contains at most 4 AP it is a problem how to assign AP together with UE specific precoding for such transmissions. The feasibility for this needs further considerations. 

Proposal 7: Consider the feasibility of introducing CCE aggregation level ½ for the enhanced control channel together with 16QAM modulation.
5. Scrambling of DM-RS

At meeting #66bis, it was agreed in the CoMP WI that the DMRS sequence generator for the shared data channel, can be semi-statically configured in a UE-specific manner. This allows for area splitting of the PDSCH transmission in the shared cell scenario. It is natural to use the same functionality also for the enhanced control channel, to enable the same area splitting gains and MU-MIMO operation with non-orthogonal RS for the ePDCCH.

Even though distributed ePDCCH transmissions may use non-UE specific precoding and the antenna ports are shared by multiple transmitted ePDCCH transmissions, it is still useful to have area splitting gains also for these distributed transmissions. Otherwise the capacity for the distributed transmission of ePDCCH will be much less than the capacity for UE specific precoded ePDCCH which could become limiting in the future. Therefore, the scrambling initialization for the non-UE specific precoded case should also be UE specifically configurable, even though multiple UEs connected to the same transmission point will be configured the same initialization value. 

Hence, at least two different scrambling sequences needs to be UE specifically configured assuming both UE specific and non-UE specific precoding is supported. These two sequences may be inferred from information provided by dedicated RRC signaling in a semi-static manner. Following the same principles agreed for the DMRS for PDSCH transmission at meeting #68, it is straightforward to re-use the same DM-RS scrambling generator and the initialization values could then be obtained as
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 are the values signaled in a UE-specific manner. If there is a need for more than two values and when the UE should assume that a given initialization value is used (e.g. tied to localized/distributed or UE specific/non-specific precoding/transmit diversity or some other attributes of the ePDCCH transmission) is FFS. 

Proposal 8: The Rel-10 scrambling sequence generator is reused also for ePDCCH. At least two UE specifically configured scrambling initialization values of the DMRS is configured by RRC.
6. Conclusion

Based on the discussion in this contribution, we can summarize by listing these proposals for decision:
Proposal 1: The eREG(s) an ePDCCH is using within a PRB pair implicitly determines which AP(s) that may be used for demodulation of the ePDCCH.
Proposal 2: When UE specific precoding is used, only one antenna port per PRB pair is used for a given ePDCCH transmission in that PRB pair. 
Proposal 3: Both UE specific precoding and spatial diversity transmission of an ePDCCH is supported.  
Proposal 4: Spatial diversity within a PRB pair is supported but transparent to the UE and an ePDCCH is using at least two different AP per PRB pair in such diversity transmission.     
Proposal 5: MU-MIMO with non-orthogonal reference signals is supported by UE specifically configured scrambling. Support for MU-MIMO with orthogonal RS is FFS.

Proposal 6: Only single layer reception of an enhanced control channel is supported.
Proposal 7: Consider the feasibility of introducing CCE aggregation level ½ for the enhanced control channel together with 16QAM modulation.
Proposal 8: The Rel-10 scrambling sequence generator is reused also for ePDCCH. At least two UE specifically configured scrambling initialization values of the DMRS is configured by RRC 
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