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Discussion

1.
Introduction
At the RAN #47 [1] the work item on “Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE” was approved. In the approved work item description, it is stated that “The study shall include consideration of Rel8/9 techniques and ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact”. In this contribution we would like to elaborate a bit on our opinion with respect to which potential pitfalls we see in connection to improving data and control channel performance. In this contribution we mainly focus on the downlink direction, as this link have been shown to be the most vulnerable for cases with e.g macro+CSG HeNBs.
2. Discussion
As a starting point for the discussion, we would like to start by referring to the link budget [2] that was submitted for ITU-R in August 2009. Exemplary numbers on data and control channel performance from the link budget table 3 considering the UMa case in [2] are shown in Table 1 (it should be noted that other channel conditions show similar performance requirements):
Table 1 Subset of data and control channel performance entries from Table 3 in [2].

	Transmission bit rate for control channel (bit/s)
	42000
	4000

	Transmission bit rate for data channel (bit/s) 
	1994400
	187200

	Target packet error rate for the required SNR in item (19a) for control channel
	1%
	1%

	Target packet error rate for the required SNR in item (19b) for data channel
	10%
	10%

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	9000000
	180000

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	9000000
	900000

	(19a) Required SNR for the control channel (dB) 
	-4.2
	-10.1(4)

	(19b) Required SNR for the data channel (dB) 
	-1.7
	-5.1(4)


When comparing the requirements for the control channel and data channel, it is seen that the required SNR for the control channel is significantly lower than for the data channel. When doing remapping of these channels performance to the extreme case, with lowest MCS for the data channel, also taking into account the HARQ gain when using up to 4 HARQ retransmission, combined with power boosting of the control channel by up to 4 dB, it is possible to do an approximate comparison of the requirements. 

Considering up to 4 HARQ retransmissions and rescaling to the lowest MCS, the required SNR for the data channel is   -9.3 dB, while the control channel SNR requirement is -8.2 dB. Hence, it is seen that there is a quite good balance between requirements for data and control channels for DL performance.
From the wording in [2] it is implicitly given that the control channel considered is the PDCCH using DCI format 1A, while other control channels have not been explicitly considered. For any evaluations of ICIC performance for HetNet, it should be emphasized that it is crucial that all control channels are maintaining sufficient performance. Presented results and studies [5,6,7,8] have shown that there is a quite good balance between the associated control channels such as PDCCH, PHICH, PCFICH, PBCH, PSS, and SSS as well. Hence, from this perspective it seems that all channels (both control and data channels) are quite well balanced in terms of SNR requirements, and any gain mechanism introduced for inter-cell interference control should take this issue into account, and create gains for all channels in the system.
Further, it should be noted that we see a strong need that any introduced ICIC mechanism for heterogeneous networks would not cause the overall system capacity to be impacted in a negative way for a fully loaded macro network. That is, ICIC mechanisms introduced to improve performance in a fractional loaded scenario should not introduce a cost in terms of lower system performance when the system load approaches 100%.

2.1 Interference control mechanisms
Interference control mechanisms will typically operate either in the frequency domain, time domain, or power domain. In the following, we will shortly discuss these mechanisms and give indications of our preference for the direction of which ICIC mechanisms should primarily be investigated as part of the WI.

2.1.1 Time domain ICIC mechanisms
The time-domain ICIC can be implemented on a per TTI basis, where the starting points of TTIs in different cells are synchronized to create time-wise coinciding starting points of the transmission of the PDCCH. By introducing a shift in the subframe numbering (for FDD systems), combined with coordinated blanking of the center-PRBs, it is possible to introduce an improvement in the experienced interference level from neighboring cells.
Alternative possibilities in the time domain consist of shifting the starting points of the PDCCH, such that these are not colliding in the time domain (on a sub-TTI level). However, introducing such mechanisms will cause the interference on the PDCCH to come from the PDSCH in the interfering cell, and vice versa. Additionally, any power boosting of the PDCCH would introduce higher interference levels in some OFDM symbols in neighboring cells and potentially degrade the experienced performance.

As a general consideration related to time domain ICIC mechanisms, it should be observed that current specifications do not put any mandatory timing requirements in the inter-eNB timing for FDD. In this respect it would be difficult to introduce mechanisms that impose strict timing requirements without requiring update of available legacy base stations in existing networks (e.g. already deployed macro and HeNBs). Furthermore, ensuring strict time-synchronization of HeNBs with macro cells would require specification of related schemes and associated procedures.

2.1.2 Frequency domain ICIC mechanisms

In general the frequency domain ICIC can be subdivided into two general schemes – one providing ICIC inside the system bandwidth, and one providing ICIC by introducing additional carrier frequencies (a.k.a. escape carriers).

The ICIC within the system bandwidth would typically be obtained by introducing controlled fractional loading in the frequency domain (with eNBs having preferred sets of PRBs in different sections of the system bandwidth). Such solutions will in general provide significant interference reduction gains when the traffic load is relatively low, but the main disadvantage of such a solution is that the gain mechanism only shows on the PDSCH, and only in case the network is operating in a time synchronized manner.

The alternative of introducing an escape carrier [3] would allow for creating a carrier that is guaranteed free from interference of uncoordinated deployments of eNBs (for instance from home eNBs), and this escape carrier could be used for providing a general coverage area, while smaller cells would be offloading traffic from the macro cells with the escape carrier(s). It should be noted that solutions with escape carriers would potentially offer a lower system throughput in case of very sparse deployment of HeNBs, as the traffic offloading capability for such scenarios would be low. Note that the use of escape carrier in our understanding is to be seen as a non-CA based technique, and therefore should be considered as a valid baseline configuration under the new Rel-10 WI on HetNet interference management (as it is already supported in Rel-8/9).
2.1.3 Power domain ICIC mechanisms

Adjusting the maximum transmit power of eNBs is another method for controlling the generated interference in the system. As an example, it have been demonstrated in [4] that the performance of macro + CSG HeNB cases can be improved by enforcing power control on HeNBs. Mainly to reduce the impact on the macro cell performance from the HeNBs, and thus minimizing the likelihood of experiencing potential macro-cell coverage holes caused CSG HeNBs causing excessive interference. Here it is worth noting that the recently completed Rel-9 work on HeNB interference management also includes simple HeNB power control (PC) schemes (see TR36.921), without requiring any new signaling between network nodes or UEs. The HeNB PC is simply based on local HeNB measurements of the RSRP from the strongest co-channel deployed macro eNB [4]. Thus, benefitting from the assumed downlink receiver capability in HeNBs (also known as network listen mode – NLM). It is for further study if PC of pico nodes also would be attractive.
3.
Conclusions
In this contribution, we have discussed various aspects and potential pitfalls of ICIC for non-CA operation in heterogeneous networks. It is our opinion that care should be taken not to develop exotic solutions that only focus on improving part of the full set of channels to consider. These channels include: PDSCH, PDCCH, PHICH, PCFICH, PBCH, PSS, SSS.
Based on the discussions above, we have the opinion that when working towards creating solutions for allowing ICIC in heterogeneous networks, the main focus should be on:
1. Improve both PDCCH and PDSCH performance.
2. Not degrade the performance of a fully loaded system.

3. Not break any Rel’8/9 legacy compatibility (including the fact that no timing restrictions should be put on legacy systems).

4. Take all control channels into account (including the PBCH/PSS/SSS) when searching for potential gains/improvements.

Based on the above, we see the use of an escape carrier as an attractive candidate for introducing simple  ICIC in heterogeneous networks, and to standardize downlink power control for HeNBs (as also recommended in the TR36.921 summarizing the Rel-9 work on HeNB interference management).
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