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1. Introduction

In the last meeting, RAN1 agreed that coordination of almost blank subframe is assumed as a baseline solution for Macro-Pico deployment [1]. However, muting PDSCH transmissions causes performance loss in some scenarios with cell range expansion (CRE) as shown in [2]-[4], while CRE without muting PDSCH transmissions provides performance gain compared to no CRE (i.e. received power (RP) based cell association) or low biased CRE.
In this contribution, we discuss lightly loaded control channel (CCH) transmission, which is one of the candidates for  time-domain eICIC solutions in HetNet [5][6]. We show lightly loaded CCH transmission is desirable for Macro-Pico deployments in addition to almost blank subframe.

2. Lightly Loaded CCH Transmission
In Macro-Pico deployment, level of dominant interference depends on the bias setting of CRE, i.e. no problem for DL CCHs when no or low biased CRE is applied [7]. As we showed in our previous contribution [2], we believe at least a moderate bias setting (6-9dB) for CRE is an effective strategy for Macro-Pico deployments. Such a bias setting requires moderate interference mitigation basically for PDCCH (and also PCFICH / PHICH). 
· Note that when moderate bias setting is applied, power boosting could be one possible and sufficient solution for PCFICH and PHICH because they do not use many resources. In addition, extended PHICH duration can resolve PCFICH interference issue at the expense of additional DL CCH overhead [8].
· Large bias setting of CRE causes significant issues in PCFICH [9]. 
· On the other hand, power boosted PDCCH with aggregation level 8 consumes significant amount of resources and also the transmit signal quality of PDCCH is maintained only for the resource element power control dynamic range from -6dB to 4dB [10]. From those points, we focus on PDCCH interference mitigation.

As we show in Fig. 1 and shown in other contributions as well [6][11]-[14], one of the solutions for PDCCH interference mitigation is restricting the usage ratio of CCH region. This creates lightly loaded / sparse CCH region and can mitigate the interference for PDCCH (and also PCFICH / PHICH) of neighbour cells without using almost blank subframes.
· Almost blank subframe related issues:
· In some scenarios such as configuration #4a (or #1) with fewer Pico eNBs, muting PDSCH transmissions can not provide performance gains [2][3]. Furthermore realistic traffic model [4] simulations show that in low traffic-load scenarios interference mitigation and moderate biased CRE performs much better than using almost blank subframes. Also, in low traffic-load scenarios moderate biased CRE without ICIC can provides additional improvement compared to no CRE (i.e. RP based cell association). Since moderate biased CRE needs interference mitigation for PDCCH, lightly loaded CCH transmissions is desirable.
·  Power de-boosted PDCCH with higher aggregation level than is required can also create lightly loaded CCH region.
· We can see MBSFN subframes without PDSCH also create lightly loaded / sparse CCH region when neighbour cells use larger CCH region to transmit PDCCHs [15].
We summarize coordination of lightly loaded CCH transmission and almost blank subframe as follows:
· A bit-map indicating subframes with restricted utilization is exchanged  between eNBs via X2 interface
· At least one additional bit is also exchanged to indicate whether the restricted subframes are almost blank subframes or lightly loaded CCH transmission subframes
· e.g.) in case of 2 bits, 0: almost blank subframe, 1 / 2 / 3: lightly loaded CCH transmission not exceeding the usage ratio of  0.25 / 0.50 / 0.75, respectively.

· Details are FFS but notice very few bits are needed 
· In the restricted subframes, PDSCH transmissions in all RBs shall not exceed RNTP threshold, which is already defined in [17]
· Time domain ICIC based solution requires much more efficient scheduling for Pico cell edge UEs. Therefore, it is better to be able to allocate many lower interfered resources to them in those restricted subframes.
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Fig. 1   Restriction of usage ratio in control channel region
3. Simulation
The simulation assumptions and parameters are similar to [2]. We assume ideal CCH reception and just evaluate long-term average W-SINR of PDCCH to see whether PDCCH performance requirement can be met. We assume the required long-term average W-SINR of PDCCH is -6.3dB from [16] and our internal evaluation. This value corresponds to DCI format 2 with aggregation level 8 and 4dB power boosting. Although the power boosting of PDCCH takes more resources, we do not consider PDCCH capacity reduction due to that in this evaluation. We apply the restriction only to Macro cells in configurations #4a with 2 PeNBs and evaluate the restrictions of CCH region usage ratio: 0.75 / 0.50 / 0.25 and almost blank subframe under CFI=2 and 3 (i.e. 2 and 3 PDCCH symbols).
· Since we assume 4 PHICH groups are reserved and 40% of available CCEs for PDCCH are always used for UL, the numbers of available CCEs for DL corresponding for each restriction are 18 / 11 / 3 for 3 PDCCH symbols (26 when no restriction) and 10 / 6 / 1 for 2 PDCCH symbols (16 when no restriction), respectively. (Note that in this evaluation, PCFICH and PHICHs are transmitted in almost blank subframe as well and they cause interference to PDCCHs.)
· Throughput performances in CFI=2 are estimated from simulations in CFI=3.
We set restricted-to-unrestricted subframe ratios in Macro cells to 5:5 for lightly loaded CCH transmission and 2:8 for almost blank subframe. CRE bias settings of 3 / 6 / 9 dB are evaluated. In the case of configuration #4b with 4 PeNBs, we apply frequency resource partitioning with 12 RB PDSCH muting to Macro cells for 9dB biased CRE with lightly loaded CCH transmission. In the other cases, frequency resource partitioning is not applied. These settings are based on [2].
For configuration #4a with 2 PeNBs and #4b with 4 PeNBs in CFI=2 and 3, the CDF of the long term average W-SINR of PDCCH (its calculation model and assumption are presented in Annex) and the throughput performances are shown in Fig. 2-5, respectively. These results show the following:
· In the case of CRE with 6dB bias and CFI=3, the less restricted CCH region usage ratio (0.75) with PDCCH power boosting can completely resolve the PDCCH interference issue (the outage probability due to the W-SINR being lower than -6.3dB is almost 0%), although the outage probability is just 1% without restriction.
· Moderate restriction (0.50) can relax the requirement for PDCCH power boosting and maintain PDCCH capacity in Pico cells at the cost of small loss of user throughputs due to less co-scheduled users.

· CFI=2 shows better performance than that of CFI=3 due to lower overhead but it causes 2% outage due to the higher CCH region usage ratio. Therefore, the less restricted CCH region usage ratio is necessary. It still shows better performance compared to CFI=3 without the restriction or lower biased CRE.

· In this evaluated scenario, almost blank subframe does not provide any performance gains compared to lightly loaded CCH transmission, although it can also resolve the PDCCH interference issue.

· In case of large biased CRE (>9dB), almost blank subframe may achieve performance gain in addition to resolving CCH interference issues. However, basically large biased CRE does not seemed to be available for  Rel-8/9 UEs, especially from a perspective of RLF issue. So we focus on moderate biased CRE.
· In the case of 9dB bias, the most restricted CCH region usage ratio (0.25) is necessary to resolve the PDCCH interference issue (the outage probability is 0~1%) and it causes a nonnegligible loss of user throughputs. As a result, its performance gain compared to 6dB bias is unclear in these scenarios. If the restriction is appropriately configured for each cell, better performance could be seen. In addition, the UL performance gain due to larger biased CRE would be more significant [2].

From the above analyses, we observe as follows:

· Coordination of almost blank subframe and lightly loaded CCH transmission is needed to enhance the throughput performance in Macro-Pico deployments with moderate biased CRE.
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(a) Long-term average W-SINR of PDCCH
              (b) 5% worst / median user throughputs
Fig. 2   Performance results in configuration #4a with 2 PeNBs (CFI=3)
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(a) Long-term average W-SINR of PDCCH
              (b) 5% worst / median user throughputs
 Fig. 3   Performance results in configuration #4a with 2 PeNBs (CFI=2)
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(a) Long-term average W-SINR of PDCCH
              (b) 5% worst / median user throughputs
Fig. 4   Performance results in configuration #4b with 4 PeNBs (CFI=3)
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(a) Long-term average W-SINR of PDCCH
              (b) 5% worst / median user throughputs
 Fig. 5   Performance results in configuration #4b with 4 PeNBs (CFI=2)
Conclusion
In this contribution, we evaluate lightly loaded CCH transmission in Macro-Pico deployment with CRE. From the point of view that the level of the dominant interference can be controlled by the bias setting of CRE, muting PDSCH transmissions is not necessary in some of the scenarios with fewer number of Pico eNBs and/or during low traffic loads. In addition, large biased CRE does not seemed to be available for typical Rel-8/9 UEs. For such scenarios we propose as follows:

· Coordination of both almost blank subframe and lightly loaded CCH transmission should be supported in Macro-Pico deployment. 
We summarize coordination of lightly loaded CCH transmission and almost blank subframe as follows:
· A bit-map indicating subframes with restricted utilization is exchanged  between eNBs via X2 interface

· At least one additional bit is also exchanged to indicate whether the restricted subframes are almost blank subframes or lightly loaded CCH transmission subframes
· In the restricted subframes, PDSCH transmissions in all RBs shall not exceed RNTP threshold, which is already defined in [17]
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Annex: W-SINR calculation model of PDCCH and assumptions
We calculate W-SINR of PDDCH as follows:
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where S is desired PDCCH received power averaged over all RBs, 
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 is reference signal received power averaged over all RBs, 
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 is ratio of resource elements used for CRS, PCFICH, and PHICH in the 1st OFDM symbol, and 
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 is PDCCH usage ratio of j-th cell. We also define the CCH region usage ratio of j-th cell 
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PDCCH aggregation level is selected based on geometry. Resource consumption
due to PDCCH power boosting is not taken into account. Blocking due to search space is not considered.
PCFICH and PHICH can borrow power from PHICHs and/or PDCCHs
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