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1. Introduction 
To guarantee the robust performance for control channel, transmit diversity is supported for legacy PDCCH transmission in LTE, which uses Alamouti codes. In LTE-A Rel-10, enhanced PDCCH (E-PDCCH) is introduced to solve some issues of legacy PDCCH, which include the capacity and interference coordination (ICIC) etc. The main enhancement with E-PDCCH is to transmit control channel in the legacy PDSCH region, and use beam forming transmission and DMRS RS for its demodulation. One remaining issue though would be whether transmit diversity should be supported for E-PDCCH, and if yes, in what scenarios. 
A number of contributions were submitted in the past meetings to discuss the need of supporting transmit diversity, evaluate the gain of it and discuss in what scenarios it should be used [1]-[7] However, due to the meeting arrangement, no formal meeting time has been allocated to discuss such issues. In this meeting, a section is allocated on spatial diversity for E-PDCCH. In this contribution, several aspects related to spatial transmit diversity are assessed, which include the following 

· Whether we need to support TxD for E-PDCCH

· In what deployment scenarios does TxD need to be supported, which may includes localized transmission/distributed transmission,  or both. 
· Do we need to support TxD for all aggregation level of E-PDCCH? 
· If TxD scheme such as Alamouti coding is supported, how to map Alamouti encoded symbols to time-frequency grid. 
2. Supporting spatial transmit diversity
2.1. The need of supporting spatial transmit diversity
The E-PDCCH transmission is introduced in Rel-10 to enhance the legacy PDCCH performance, in particular to increase the capacity and inter-cell interference coordination. Such enhancement of control channel could also be used to support some new features in Rel-11 and beyond, such as machine type communication (MTC) and new carrier type (NCT). In general, the E-PDCCH would be transmitted in the legacy PDSCH region, and thus open the door for increased capacity and flexibility in ICIC operation. After extensive discussion, it was agreed that E-PDCCH would support both localized and distributed transmission.  For localized E-PDCCH transmission, the contiguous resources are allocated for E-PDCCH transmission, and techniques such as beamforming (BF) and DMRS are used to exploit the BF gain. Frequency selective scheduling (FSS) could also be applied. This type of transmission is mainly suitable for slow UE with good channel condition and reliable channel feedback from the UE, and could be used to transmit DCI with large payload size. 
On the contrary, the distributed E-PDCCH transmission would assign non-contiguous resource for the E-PDCCH transmission and therefore exploit the frequency diversity gain. The main goal of the distributed E-PDCCH　transmission would be to maintain the robustness in control channel performance. In addition to the frequency diversity due to distributed transmission, the spatial diversity can also be exploited for further enhancement of the robustness.  The distributed E-PDCCH transmission could be applied to UE with bad channel condition such as those at the cell edge, or those with relative higher mobility which leads to unreliable channel feedback from the UE. It could also be used to transmit the fall-back DCI format such as DCI format 1A. 
In general, both BF and spatial transmit diversity could be applied to localized and distributed E-PDCCH transmission.  However, considering the natural of each transmission, it seems more appropriate to support spatial transmit diversity in distributed E-PDCCH transmission than in localized E-PDCCH transmission. The reasons is that the distributed transmission which exploit frequency diversity will be more suitable for scenarios where the channel state information feedback may not be reliable, and a spatial transmit diversity could further increase the E-PDCCH robustness. However, this scheme is a bit more complex in implementation than some other schemes such as random BF (RBF). For example, it requires pairs of neighbour REs along either time or frequency to map the Alamouti encoded symbols. It also required more antenna ports than RBF (2 or 4 ports vs 1 port if there are 2 or 4 transmit antennas) and the RS transmitted from these antenna ports are not pre-coded like data. This latter requirement may require all UEs using transmit diversity to be scheduled in the same PRB for them to utilize the same set of common non precoded DMRS ports within that PRB. That certainly put some restriction on E-PDCCH scheduling in localized E-PDCCH transmission because all E-PDCCHs use transmit diversity may need to be scheduled in the same PRB. As mentioned before, the localized E-PDCCH transmission would normally target those UE with good channel condition and reliable channel feedback, thus to benefit from the BF gain. Therefore, the need of also supporting spatial transmit diversity in localized E-PDCCH transmission is not that strong.  Based on this observation, we slightly prefer not to support spatial transmit diversity such as Alamouti coding for localized E-PDCCH transmission to make the design a bit more simple. For other type of spatial transmit diversity such as random BF (RBF), as it is transparent to the UE, it could be supported without the need of specification. 
For distributed E-PDCCH transmission, the situation could be different. As the main goal of distributed E-PDCCH transmission is to maintain the minimum performance requirement of E-PDCCH, it would be better to exploit all diversity gain if possible. It was shown in some contributions [4], that even with frequency diversity which could be exploited when aggregation level of an E-PDCCH is larger than 1, there still exists spatial diversity gain (about 1.5 dB) which could be further exploited.   It is therefore worth further considering the support of spatial transmit diversity such as Alamouti coding for distributed E-PDCCH transmission. For other spatial transmit diversity scheme such as RBF, if it is applied on PRB basis, it is transparent to the UE and can be automatically supported without the need of specification change. However, its performance would be worse than that of Alamouti coding, which could be critical especially for  E-PDCCH with low AL, due to the fact that little frequency diversity could be exploited.  
Proposal: 
Further consider the support of spatial transmit diversity at least for distributed E-PDCCH transmission 
2.2. The number of antenna ports for spatial transmit diversity

In LTE Rel-8, both 2-tx and 4-tx transmit diversity based on Alamouti coding are supported for legacy PDCCH transmission, depending on the transmit antenna configuration at the eNB. Such configuration could be derived by the UE after decoding PBCH. The 2-tx TxD is also called SFBC and 4-tx TxD is refereed as SFBC+FSTD. The support of 2-tx TxD requires to map two Alamouti encoded symbols onto two neighbour REs along frequency direction, while support of 4-tx TxD requires to map four Alamouti encoded symbols onto four neighbour REs along frequency direction. With such requirement in mind, the design of legacy PDCCH fulfil such requirements nicely and therefore be able to exploit spatial transmit diversity gain while at the same time, better utilize the resources. 

If spatial transmit diversity is going to be supported in E-PDCCH transmission, one remaining issue would be whether we need to support both 2-tx or 4-tx TxD. By recalling the performance comparison between 2-tx and 4-tx transmit diversity back in Rel-8, it would be noticed that the performance gain of 4-tx over 2-tx TxD is about 1 dB．However, on the other side, supporting 4-tx TxD such as SFBC+FSTD  may require to map the Alamouti encoded symbols to four neighbour REs along frequency direction, which is the case for legacy PDCC,  but may be an issue for E-PDCCH. This is due to the fact that E-PDCCH will be transmitted in legacy PDSCH region, and many REs in the time-frequency grid of a PRB could be used to transmit other existing channels and signals such as various types of RS signals. That makes it harder to find paired REs closing to each other which could be used for mapping the Alamouti encoded symbols. To reduce the complexity but still exploit some transmit diversity gain, a compromising solution would be to support 2-tx TxD for E-PDCCH transmission because finding two consecutive REs to form a pair would be simpler than finding four consecutive REs. 
If 2-tx TxD is used as spatial transmit diversity for E-PDCC transmission, two antenna ports are needed for the channel estimation during its demodulation. As DMRS ports would be used as RS for demodulation, DMRS ports {7,8} could serve this purpose. Alternatively, DMRS ports {7,9} could be used, which double the resources than that of using DMRS ports {7,8}, but with the benefits of supporting power boosting for DMRS and lead to enhanced the channel estimation performance. 
Proposal:

The baseline is to support 2-Tx TxD for E-PDCCH transmission. DMRS ports {7,8} or {7.9} could be used for channel estimation for its demodulation. 
2.3. Support of spatial transmit diversity for different aggregation level 
For distributed E-PDCCH transmission, different aggregation level (AL) could be supported.  For large AL，different CCEs (or eCCE) of an E-PDCCH could be transmitted in a distributed manner,  i.e., spread over multiple PRBs. This would allow the exploration of the frequency diversity. It is shown in [4] that with large AL, the frequency diversity gain could be high enough that further applying spatial transmit diversity would show little extra gain.  However, for low AL such AL=1 or AL=2, no or little frequency diversity could be exploited.  Because E-PDCCH with low AL could be used for many DCI formats such as DCI format 1A, the enhancement on performance at such scenarios would be very important.  For AL=1, as there is only one eCCE in an E-PDCCH, there would be no frequency diversity gain if such single eCCE is transmitted all together. To improve its performance, a number of options could be considered

· Option 1: Split the eCCE into sub-eCCE units and transmit them in separate PRBs at different frequency band. 
· Option 2: Increase the resource allocation from one eCCE to two eCCE, to make it become AL=2, and transmit two eCCE in different frequency band. This can allow the exploration of  both  frequency diversity gain and coding gain (as coding rate is lowered due the increased resource allocation)

· Option 3: Apply spatial transmit diversity to compensate the lack of frequency diversity
· Option 4: Hop the 2-nd slot of the eCCE to another frequency location to obtain some frequency diversity gain

The pros and cons of the above-mentioned options are listed in Table 1. In our view, options 2 or 3 or combination of 2/3 could be appropriate approaches to solve/mitigate this issue. 
	Options to improve diversity gain for AL=1 E-PDCCH
	Pros
	Cons

	Option 1
	Can obtain frequency diversity
	Complexity in splitting and interleaving and DMRS port allocation

	Option 2
	Obtain freq diversity and coding gain 
	Increased resources.

	Option 3
	Obtain spatial transmit diversity 
	Transmit diversity mapping may introduce some complexity

	Option 4
	Can obtain some freq diversity gain 
	It is complicated on eCCE level hopping, the channel estimation performance could also be degraded due to reduced number of DMRS in each slot. 


Table 1: Pros and cons  of different options to improve the diversity for AL=1 E-PDCCH
Proposal 

Consider to support spatial transmit diversity for at least AL=1 and AL=2 in distributed E-PDCCH transmission
2.4. Mapping of spatial transmit diversity scheme. 

If spatial transmit diversity scheme, such as Alamouti code based scheme or SFBC,  is introduced for E-PDCCH transmission, the mapping of encoded symbols to the time-frequency grid in a PRB needs to be carefully designed. The challenges in the mapping come from the reality that many existing signals and channels such as CRS, DMRS and CSI-RS should be by-passed, and yet the requirement of finding neighbour REs in pairs needs to be fulfilled.  Figure 1 shows such an example of mapping Alamouti encoded symbols onto time-frequency grid in a PRB，where RE#1 and RE#2 indicates paired RE for Alamouti encoded symbols. From the figure it can be observed that there exist some irregularities in the mapping due to transmission of some existing signals, and some REs could be wasted due to lack of qualified REs nearby to form a pair. 

[image: image1]
Figure 1   Resource mapping based on SFBC within a PRB pair
If TxD is used in distributed E-PDCCH and the smallest unit in distributed transmission is an eCCE or even smaller instead of a PRB, more challenges would be faced in the mapping. This is simply because in distributed-PDCCH transmission, neighbour eCCEs could be allocated for  different E-PDCCHs and therefore mapping of Alamouti encoded symbols along frequency direction could not cross the eCCE boundary.   Figure 2 shows such an example, where there are four eCCEs (shown in different color) in a PRB, which belong to different E-PDCCHs. From the figure it can be observed that as an eCCE contains three rows of REs along time direction, it is a bit hard to form two pairs of REs along frequency direction for SFBC mapping and some REs could be wasted. This would certainly reduce the available REs within an eCCE for E-PDCCH transmission. 

[image: image2]
Figure 2: Resource mapping based on SFBC within an eCCE
Proposal:

The mapping of SFBC based TxD in time-frequency grid should be carefully studied to come up with a solution with simplicity and yet acceptable payload. 
3. Conclusions

Some aspects in supporting spatial transmit diversity for E-PDCCH transmission are discussed and some proposal could be summarized as follows 
· Further consider the support of spatial transmit diversity at least for distributed E-PDCCH transmission 

· The baseline is to support 2-Tx TxD for E-PDCCH transmission.
· Consider to support spatial transmit diversity for at least AL=1, and AL=2 in distributed E-PDCCH transmission
· The mapping of SFBC based TxD in time-frequency grid should be carefully studied to come up with a solution with simplicity and yet acceptable payload. 
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