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1. Introduction

In Rel.10, a UE configured for transmission mode 9 for a given serving cell may assume that precoding granularity is multiple resource blocks in the frequency domain when PMI/RI feedback is configured [1]. PRB bundling can improve the performance of channel estimation especially for the channel with low delay spread. In Rel.11 ePDCCH design, it has been agreed that ePDCCH and PDSCH are FDMed in PRB pair level [2]. If both ePDCCH and PDSCH exist in the same PDSCH PRB bundling window, more considerations are needed to implement PDSCH PRB bundling and ePDCCH PRB bundling. 
2. Impacts to PDSCH PRB Bundling with Different Assumptions
If ePDCCH RB and PDSCH RB are within the same PRB bundling window as shown in Fig.1, a very simple solution is excluding the ePDCCH RB from PDSCH PRB bundling process at UE. However, there are some scenarios that PRB bundling across ePDCCH RB and PDSCH RB can still be applied even these RBs are within the same bundling window. So PDSCH PRB bundling may not need to be fully precluded when PRB bundling window includes both ePDCCH RB and PDSCH RB. 
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Fig.1 Example of PRB bundling cross ePDCCH RB and PDSCH RB.
2.1. Localized ePDCCH Transmission
2.1.1.  ePDCCH and PDSCH are transmitted with the same rank on the same antenna ports

If UE detects that ePDCCH and PDSCH are transmitted with the same rank using the same antenna ports, PDSCH PRB bundling can be applied without any difference compared with the process in Rel.10;
2.1.2.  ePDCCH and PDSCH are transmitted with the same rank on different antenna ports
If UE detects that ePDCCH and PDSCH are transmitted with the same rank using different antenna ports, e.g. UERS port 9 in ePDCCH RB and UERS port 7 in PDSCH RB as shown in Fig.1, PRB bundling can still be mandatorily applied regardless of the difference of UERS ports used in ePDCCH RB and PDSCH RB.
2.1.3.  ePDCCH and PDSCH are transmitted with different rank
If ePDCCH and PDSCH are transmitted with different rank, e.g. transmitting ePDCCH with rank1 and PDSCH with rank 2, UE could apply PRB bundling with the expense of increased complexity since UE knows the rank of both ePDCCH and PDSCH from DCI information. The drawback of rank inconsistency is that only the first layer of PDSCH could get channel estimation gain from PRB bundling.
2.1.4.  MU-MIMO in  PDSCH
Since MU-MIMO is transparent to UE in Rel.10, there are UERS power imbalance between ePDCCH RB and PDSCH RB even UE detect that both ePDCCH and PDSCH are transmitted with rank 1. So If MU-MIMO is applied, eNB should indicate UE to exclude the ePDCCH RB from PRB bundling or de-boosting the power of UERS in ePDCCH RB to keep the same EPRE ratio between UERS in ePDCCH RB and UERS in PDSCH RB.
Proposal 1): Considering the necessity of applying PDSCH PRB bundling when localized ePDCCH and PDSCH are in the same PRB bundling window.
2.2. Distributed ePDCCH Transmission
2.2.1. Random Beamforming
Since UE is transparent to random beamforming or closed loop beamforming, if random beamforming is used as distributed ePDCCH transmission scheme, the PDSCH PRB bundling processing can follow the same way as localized ePDCCH transmission mentioned in section 2.1 as long as eNB use the same precoding vector for both ePDCCH and PDSCH.
2.2.2. Tx Diversity

If Tx diversity is used for ePDCCH transmission, PDSCH PRB bundling cannot be applied if fixed precoding vector is applied on UERS just as the Tx diversity scheme defined in Rel.8 [3]. In order to implement PRB bundling, some special designed precoding vector should be used for Tx diversity. For example, if PDSCH is transmitted with rank1 using precoding vector [image: image3.png]Wy



, the precoding vector applied on the UERS of ePDCCH for Tx diversity can be [image: image5.png][wy
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 stands for the precoding vector that is orthogonal with [image: image9.png]Wy



. Then the PDSCH PRB bundling can be implemented since the same precoding vector is used in ePDCCH RB and PDSCH RB. 
Observation 1): PDSCH PRB bundling can be applied through proper design even distributed ePDCCH coexists with PDSCH in the same PDSCH PRB bundling window.
2.3. Performance Improvement for ePDCCH and PDSCH Bundling
Just as we have already shown in [4] that ePDCCH could be used as pilot to improve the channel estimation accuracy if ePDCCH and PDSCH can coexist in the same PRB pair. However, the current decision in Rel.11 only allows ePDCCH and PDSCH FDM multiplexing in PRB pair level instead of multiplexing within one PRB pair. Based on this decision, DCI can still be reused as pilot to improve the channel estimation accuracy for PDSCH if ePDCCH and PDSCH Bundling is allowed. For instance, if PDSCH is transmitted in 2nd PRB and the DCI is transmitted in the 1st PRB, these PRBs can be bundled and the correctly decoded DCI can be used as pilot for channel estimation. Fig.2 shows the performance comparison for option 1) ePDCCH and PDSCH bundling is not allowed and option 2) Bundle ePDCCH PRB and PDSCH PRB together and using ePDCCH as pilot to assist channel estimation. We can see that option 2 outperforms option 1 around 0.5dB. Detailed simulation assumptions are shown in appendix.
Observation 2): Allowing ePDCCH PRB and PDSCH PRB bundling could further utilize the DCI as pilot to improve the channel estimation performance of PDSCH.
[image: image10.emf]4 5 6 7 8 9 10 11 12 13 14

10

-3

10

-2

10

-1

10

0

SINR(dB)

BLER

ETU 300Hz; 4x2; 16QAM

 

 

w/o Bundling

w/   Bundling & DCI RS


Fig.2. Performance comparisons for 1) ePDCCH and PDSCH bundling is not allowed and 2) Bundle ePDCCH PRB and PDSCH PRB together and using ePDCCH as pilot to assist channel estimation.
3. ePDCCH PRB Bundling across ePDCCH and PDSCH
In [5] and [6], ePDCCH PRB bundling is considered to improve the performance of ePDCCH channel estimation. However, in order to achieve frequency scheduling gain and diversity gain, the limited ePDCCH RBs should be distributed in system bandwidth. So it is challengeable to implement ePDCCH PRB bundling within multiple continuative ePDCCH RBs even ePDCCH with high aggregation level is used. For low aggregation level (e.g. AGL1), it become hardly impossible to implement ePDCCH PRB bundling since one DCI is allocated in one RB for localized ePDCCH transmission.
In order to achieve channel estimation gain from PRB bundling for ePDCCH, we can apply the bundling process across ePDCCH RB and PDSCH RB instead of just between ePDCCH PRB. The only precondition is that the same precoding vector is used in these RBs. And all the discussions in section 2 on PDSCH PRB bundling are also applicable in case ePDCCH RB and PDSCH RB are bundled for channel estimation. In addition, PRB bundling gain is still available even for DCI with AGL1 based on this alternative. 
Proposal 2): In order to achieve channel estimation gain from PRB bundling for ePDCCH, the bundling process across ePDCCH RB and PDSCH RB should be considered when PRB bundling across successive ePDCCH RB is not available. 

4. Conclusion
In this contribution, we give extensive discussion on the impact of ePDCCH design on PDSCH PRB bundling considering different ePDCCH transmission schemes and PDSCH configurations. Furthermore, the availability of ePDCCH PRB bundling is also discussed. The proposals and observation are recaptured as following:
Observation 1): PDSCH PRB bundling can be applied through proper design even distributed ePDCCH and PDSCH are in the same PRB bundling window.

Observation 2): Allowing ePDCCH PRB and PDSCH PRB bundling could further utilize the DCI as pilot to improve the performance of PDSCH.
Proposal 1): Considering the necessity of applying PDSCH PRB bundling when localized ePDCCH and PDSCH are in the same PRB bundling window.
Proposal 2): In order to achieve channel estimation gain from PRB bundling, the bundling process across ePDCCH RB and PDSCH RB should be considered if PRB bundling across successive ePDCCH RB is not available. 
If there is time limitation in standardization during Rel.11 scope, the most straight forward solution maybe excluding the ePDCCH PRB from PDSCH PRB bundling window. While the channel estimation gain is not achievable for both PDSCH PRB bundling and ePDCCH PRB bundling. 
5. Reference
[1]: 3GPP TS 36.213.
[2]: RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #68.

[3]: 3GPP TS 36.211.
[4]: R1-120609, “Analysis of ePDCCH and PDSCH Multiplexing”, Intel Corporation.

[5]: R1-120076, “On reference signal design for enhanced control channels”, Ericsson, ST-Ericsson.
[6]: R1-120138, “Reference Signals for ePDCCH”, InterDigital Communications, LLC.
6. Appendix

Table 1 Simulation parameters

	Parameter
	Value

	System bandwidth
	10 MHz

	Channel model
	ETU 300Hz; 4x2

	CSI Feedback
	N.A. (Open Loop)

	PDSCH MCS
	16QAM/rank 1

	DCI size
	ePDCCH AGGL1 with rank1 is assumed to carry DCI (always assume DCI is correctly decoded)

	Channel estimation
	2D-MMSE

	Receiver
	Basic MMSE

	Reference signal
	4 CSI-RS ports / 1 UERS ports/ 2 CRS ports

	Resource mapping
	PDSCH in 2nd PRB / ePDCCH in 1st PRB / bundling window is 3PRB
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