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1
Introduction

In RAN1#66bis the working assumption was made to introduce an enhanced physical downlink control channel (ePDCCH). Further, RAN#54 agreed on starting a new Work Item in order to specify ePDCCH. The desirable features of ePDCCH include, among others, abilities to operate on new carrier type, to support frequency-domain ICIC, to achieve improved spatial reuse of control channel resources [1] etc. 
Moreover, a few contributions submitted to meetings RAN1#67 – RAN1#68bis considered the need to introduce enhancements to PHICH, see e.g. [2][3]

 REF _Ref313281962 \r \h 
[4]. In this contribution we provide our views on ACK/NACK signaling for UL HARQ in context of ePDCCH –based transmission of UL grants.
2
Reuse of PHICH in context of ePDCCH
According to the WID [1], the enhanced control channel should be able
· to operate on new carrier types and in MBSFN subframes,

· to support increased control channel capacity,

· to support frequency domain ICIC,

· to achieve improved spatial reuse of control channel resource,

· to support beamforming and/or diversity,

· and to coexist on the same carrier with legacy UEs.

Assuming ePDCCH provides this support, PHICH could in fact become the bottleneck in terms of taking full advantage of ePDCCH features. In particular, current PHICH does not scale to spatial reuse of the resources in heterogeneous deployments. Since uplink would also benefit from spatial reuse of resources in heterogeneous deployments with shared cell ID, it would be beneficial to allow spatial reuse also for UL HARQ ACK/NACK signaling. Furthermore, PHICH can not operate on the new carrier type and has only limited support for frequency-domain ICIC due to cell ID –based resource mapping. An additional motivation to study PHICH enhancements may arise from MTC UEs: legacy PHICH would not be applicable for low cost MTC UEs with a lower bandwidth capability than the system bandwidth. Hence while reusing current PHICH would be rather straightforward also in context of ePDCCH, it seems that different ways of delivering the ACK/NACKs to the UE should be considered.
Observation:
-
Current PHICH is not well suitable for ACK/NACK signaling in context of ePDCCH –based transmission of uplink grants.

Proposal:

-
Study different ways for UL HARQ ACK/NACK signaling in context of ePDCCH.
3
UL HARQ ACK/NACK signaling in context of ePDCCH
There are multiple potential approaches on how to provide support of UL HARQ ACK/NACK signaling in context of ePDCCH:

1.
Introducing a new physical channel, ePHICH
Obviously, the first way is to introduce a new physical channel for HARQ ACK/NACK signaling, e.g. ePHICH, that would have similar characteristics as ePDCCH. Preferably this new channel would still reuse many of the features of current PHICH channel, for example repetition coding followed by BPSK modulation and spreading with Walsh sequences. The main change would likely then be to enable demodulation with UE-specific RS instead of common RS. This could be, depending on the design, possible in a similar way as for distributed transmission of ePDCCH.
We note that ePHICH would most likely be available only after initial access, hence before the UE is configured with ePHICH resources the implicit ACK –based method that is discussed in the next section would anyway need to be used. It is noted that the configuration information should be transmitted UE-specifically in order to support also spatial reuse of resources that was listed as one of the motivations. The other approach is to make ePHICH resource mapping invariant to e.g. different RS configurations. The biggest problem with this approach may be the availability of suitable resource elements: ePHICH would in this case need to be available in every downlink subframe and in a known and possibly fixed location (e.g. fixed within configured PRBs). Since it would likely utilize UE-specific RS, collisions with UE-specific RS should be avoided in addition to collisions with PDCCH region, CRS and CSI-RS. This does not leave many resource elements left ePHICH transmissions. In fact in case of extended CP and TDD, there are practically no suitable REs available if all CSI-RS configurations are enabled. In FDD, the fourth OFDM symbol is available for ePHICH, however using it might re-introduce the legacy coverage issue for PDCCH since PDCCH can no longer be extended to four symbols in that case. Hence it seems that specifying ePHICH might require some significant effort.
2. 
Implicit ACK signaling 
Implicit ACK signaling as used for relay backhaul is the other choice for UL HARQ ACK/NACK signaling. In this case the retransmissions are always scheduled with ePDCCH, i.e. when NDI is toggled a new transmission is scheduled and when it is not toggled a retransmission is scheduled. If the UE does not detect an UL grant on ePDCCH, UE interprets it as an ACK. This approach provides a very simple way of delivering ACK/NACKs without almost any specification impact. Furthermore, since the UL grants are transmitted on ePDCCH, all desired ePDCCH features are enabled by default.
The main concern regarding the implicit ACK mechanism is overhead compared to a separate physical channel (ePHICH), since every NACK will require transmission of a full UL grant. However, whether the final overhead is significantly larger than ePHICH overhead depends on aggregation level distribution in a particular scenario, ePDCCH link performance, first transmission error probability etc. In the next section we provide an overhead comparison between ePHICH and ePDCCH –based approaches.
3. Using DCI format –based signaling
Finally, if the resource mapping is seen as problematic with the approach of specifying a separate ePHICH, one potential approach could be to utilize broadcast DCI format –based signaling and hence reuse for example the resource mapping and rate matching of distributed ePDCCH transmissions. Hence in contrast to ePHICH with fixed spreading code lengths, more flexibility in the resource mapping would be achieved with a fairly low specification impact of specifying the DCI formats for ACK/NACK transmission, for example following DCI format 3/3A –type of signaling On the other hand in contrast to implicit ACK mechanism, this would make the overhead independent of first transmission error probability. This would also require that common search space is specified for ePDCCH.
3.1
Overhead evaluation
As mentioned, the main concern of using implicit ACK-based HARQ signaling instead of ePHICH is overhead. During the specification of R-PDCCH in Release 10 some overhead comparisons were made between R-PDCCH and R-PHICH –based solutions, e.g. [5], and it was finally agreed not to specify any additional R-PHICH, but rather to rely on implicit ACK signaling. The main differences scenario-wise are now that the aggregation level distribution is different, and that the number of UEs per cell may be much larger than the number of RNs so the total overhead could be more significant.

We evaluated the overhead of both ePDCCH-based implicit ACK signaling and ePHICH-based ACK/NACK –signaling in a 3GPP Case 1 scenario with 10 MHz bandwidth. We varied the number of scheduled uplink UEs to see the impact of ePHICH overdimensioning, and varied also the percentage of uplink retransmissions scheduled adaptively using ePDCCH even if ePHICH was available. For ePDCCH we modelled a simple power control, and studied the performance with both distributed transmission with CDD and localized transmission with frequency-selective scheduling and closed-loop precoding based on wideband PMI. First transmission error probabilities were 5% and 10%. 

For ePDCCH-based approach (implicit ACK), the number of REs required for transmission of NACKs was calculated as 

NRE = E{L} x NCCE x PReTx x NUE, 

where E{L} is the mean value of aggregation level taking into account 3GPP Case 1 geometry, ePDCCH link performance (see Appendix A) and ePDCCH power control. Aggregation level distributions were obtained by dropping NUE UEs to the network, and mapping the geometry values using link-level simulations to aggregation level and power offset. With the power offsets power control on ePDCCH was performed to re-allocate excessive power allocated to UEs with low aggregation level to UEs with high aggregation level. A maximum power offset of 6 dB was used in boosting/deboosting the power of ePDCCH to take into account power amplifier constraints. The other parameters above are as follows: NCCE=36 is the number of REs per CCE, PReTx  is the first transmission error probability and NUE is the number of UEs.

For ePHICH-based approach the number of REs required for ACK/NACK signaling was calculated as 




NRE =NePHICH(NUE)+PePDCCH x (E{L} x NCCE x PReTx x NUE)
where PePDCCH is the percentage of retransmissions scheduled adaptively with ePDCCH. Parameter NePHICH(NUE) is the number of REs required in minimum for NUE UEs with one codeword transmission each (one ACK/NACK per UE). We assumed PHICH resource allocation, i.e. 8 ACK/NACK bits transmitted within 12 REs. With the current PHICH dimensioning options (Ng) we get for 10 MHz bandwidth NePHICH(NUE)=24 for NUE ≤16 (Ng=1/6), NePHICH(NUE)=48 for 17≤NUE≤32 (Ng=1/2) and NePHICH(NUE)=84 for NUE>32 (Ng=1).
Aggregation level distributions are shown in Figure 1 and the corresponding mean aggregation levels are E{L}=1.25 for frequency-selective scheduling and E{L}=1.57 for distributed transmission. As mentioned, in this case up to 6 dB ePDCCH power control is used.
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Figure 1. Aggregation level distribution in case of 3GPP Case 1 with frequency-selective and distributed transmission. Up to 6 dB power control is used, shifting the distribution towards aggregation level 1.
The corresponding results on the overhead are shown in Figure 2 and Figure 3 for frequency-selective and distributed transmission, respectively.
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Figure 2. Overhead of ePDCCH versus ePHICH+ePDCCH in 3GPP Case 1 with frequency-selective scheduling of ePDCCH. The first transmission error probabilities are 5% (left) and 10% (right).
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Figure 3. Overhead of ePDCCH versus ePHICH+ePDCCH in 3GPP Case 1 with distributed transmission of ePDCCH. The first transmission error probabilities are 5% (left) and 10% (right).

From the results we observe that while in case of PReTx=0.10 there is a slight overhead advantage with ePHICH+ePDCCH –based approach, the difference is very small especially when taking into account the adaptive retransmissions that will need to be done by the eNB anyway. In particular with typical numbers of scheduled UEs per subframe, the overhead difference is very small and insignificant in terms of absolute overhead. In case of PReTx=0.05 the ePDCCH-only (implicit ACK) has in fact a smaller overhead in some cases. Based on these results we do not observe very good motivations to specify a new physical channel for ePHICH.
Observations:

-
Overhead difference between implicit ACK –based mechanism and ePHICH is negligible.

-
In some cases implicit ACK-based mechanism may have even a smaller overhead than ePHICH.

-
There does not seem to be any strong motivation to specify ePHICH.
It is noted that the above conclusion holds also in case of SPS as the number of REs required for retransmissions is not dependent on how the initial transmissions are scheduled. There could be, of course, a slight impact on VoIP capacity but if the main application scenario are considered to be small cells, VoIP capacity will hardly be a problem.

On the other hand if the overhead remains a concern, some simpler solutions than ePHICH could be thought of. For example the aforementioned DCI format 3/3A –based technique could be considered. Furthermore, since typically the UE would often be receiving DL traffic when it is having UL traffic (at least TCP ACKs), it could be worthwhile to consider embedding ACK/NACK bits into DL grants whenever the UE is expecting an ACK/NACK for a previously transmitted PUSCH and there is a DL grant transmitted to the UE at the same time. Such an approach would further reduce the overhead of implicit ACK-based mechanism.
4
Conclusions

In this contribution we have discussed UL HARQ ACK/NACK transmission in context of ePDCCH –based scheduling of UL grants. We mentioned that reusing current PHICH might become a bottleneck in case of ePDCCH since it lacks many of the features that are to be supported by ePDCCH. Hence PHICH may not be well applicable and other solutions should be looked at.
Observation:

-
Current PHICH is not well suitable for ACK/NACK signaling in context of ePDCCH –based transmission of uplink grants.

Proposal:

-
Study different ways for UL HARQ ACK/NACK signaling in context of ePDCCH.
At least the implicit ACK-based mechanism, separate ePHICH channel and broadcast DCI format –based solutions were identified as potential methods. We studied the overhead issue between the first two solutions, and observed following:

Observations:

-
Overhead difference between implicit ACK –based mechanism and ePHICH is negligible.

-
In some cases implicit ACK-based mechanism may have even a smaller overhead than ePHICH.

-
There does not seem to be any strong motivation to specify ePHICH.
Hence in light of the results presented in the paper and the observations, in our view the focus should be on implicit ACK-based mechanism, and potentially on DCI format -based solutions if implicit ACK is not considered to be enough. Timeline of Release 11 does not seem sufficient for specifying a separate ePHICH channel especially considering that the benefits are questionable.
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Appendix A – ePDCCH link performance

The ePDCCH link performance results used to derive the aggregation level distributions are shown in Figure 4. The corresponding simulation assumptions are listed in Table 1.
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Figure 4. ePDCCH link performance used to get the aggregation level distributions.
Table 1. Link simulation assumptions.

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	2x2, Xpol

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	ePDCCH configuration
	1) Localized PRB allocation with frequency domain scheduling

2) Distributed PRB allocation

	Transmission scheme
	1) Closed-loop spatial multiplexing (CL-MIMO)

2) CDD

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	PMI reporting delay
	5 ms

	PMI reporting periodicity
	10 ms

	CQI reporting delay
	5 ms

	CQI reporting periodicity
	10 ms

	Number of layers
	Fixed rank 1

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	CCE size
	36 REs

	DCI format and payload
	DCI 0: 27 + 16CRC bits

	CSI-RS configuration
	2-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1

	Channel estimation algorithm
	CSI-RS: Realistic channel estimation

DM-RS: Realistic channel estimation, no PRB-bundling


