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1. Introduction 
During RAN3 #73bis, RAN3 has sent LS to RAN1which states the following:

RAN3 would like to inform RAN1 that within the context of the WID Carrier-Based Hetnet ICIC RAN3 has considered a scenario where a macro cell and a pico cell share at least one carrier and in which a macro UE (MUE) interferes in the Uplink with the pico cell, while not being able to detect this pico cell on the DL.

RAN3 would like to know if RAN1 have considered this scenario and can confirm the relevance of the problem. 

In case this scenario is considered of relevance, RAN3 would like to ask RAN1 if any existing solution has been discussed in RAN1 or can be considered from a RAN1 perspective.
In this contribution, we present Texas Instruments’ views on the aforementioned aspects
2. Scope of LS

In our understanding, the scope of the LS is regarding the scenario when a macro cell UE cannot detect a weaker pico cell eNB on a certain carrier. Then the question is whether or not the UL transmissions from such macro cell UEs can create significant interference on the uplink at the pico cell eNB, and if so, how should it be addressed? 

We first examine available interference coordination mechanisms in Rel-8 through Rel-10 ICIC.
3. Existing Interference Coordination Mechanisms

In Rel-8, the OI signaling [resp. HII signaling] enable a reactive [resp. pro-active] means for uplink interference coordination between the macro cell eNB and the pico cell eNBs. In Rel-10, if the macro cell eNB employs time-domain ICIC, then it will transmit certain DL subframes (ABS) with reduced transmission activity and preferably only transmit essential physical channels such as PBCH/PSS/SSS and reference signals with full transmission power. 
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Figure 1: TDM ICIC provides UL interference-protected subframes (marked by yellow) at pico cell eNB as a result of downlink ABS transmissions from macro cell eNB
With Rel-10 ICIC, assuming LTE-FDD, if the macro cell eNB configures ABS (marked by orange boxes in Figure 1), assuming that the ABS are transmitted without PDCCH, there are no uplink scheduled subframes in the macro-layer at time instants 4 ms following ABS. If the ABS at macro cell eNB are aligned with the 8 ms synchronous HARQ-RTT, the pico cell UEs experience smaller uplink interference during UL subframes which are time-aligned with DL-ABS from macro cell eNB. Similar conclusions can be drawn for LTE-TDD (where the HART-RTT equals 10 ms for TDD configurations 1 – 5). 

Therefore, by scheduling cell-edge pico cell UL transmissions during DL-ABS at macro cell eNB, the pico cell eNB is protected from interference over its uplink.

Observation 1: Rel-10 ICIC provides a “natural” uplink interference protection at victim eNB from aggressor cell UE transmissions.

Our view is that any uplink interference problem at the pico cell eNB (caused due to a macro cell UE unable to detect the weaker pico cell eNB over the downlink), if at all identified to exist in RAN1, can be pro-actively solved by the operator via OAM (or during initial configuration). For example, the network can pre-configure the macro cell eNB with a pre-defined ABS pattern which can be broadcasted to its pico cell eNB neighbors. 
Observation 2: The macro cell eNB may be pre-configured with ABS (which is broadcasted to neighbouring pico cell eNBs over X2).  The uplink protected subframes at the pico cell eNBs (corresponding to DL-ABS at the macro cell eNBs) can be used to schedule cell-edge pico cell UEs over uplink,

In the following sections, we discuss different use-cases depending on which TDM- ICIC may or may not be applicable.

4. Uplink Interference: Scenario 1
Scenario 1 consists of the following possibilities: 
· Single carrier HetNet.
· Or alternatively, a CA-based hetnet (Figure 2) wherein the macro cell eNB and pico cell eNBs configure a Pcell f1 on which they transmit with maximum power and a Scell f2 on which they transmit with relatively lower power.
Note that as per Rel-10 agreements, in a CA-based HetNet, CSI measurement restriction can be configured only for the PCell (via the IE csi-SubframePatternConfig-r10). For both the above possibilities for Scenario 1, TDM-ICIC – coordinated backhaul scheduling coupled with resource-restricted CSI measurement – is applicable. 
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Figure 2: Carrier-aggregated Het-Net where both layers share a common PCell and SCell (Scenario 1)
Proposal 1 [Scenario 1]:

· Pico cell eNB can apply Rel-8/9 uplink power control over control and data channels and/or conservative link adaptation to boost the SINR for its victim UEs.
· Pico cell eNB can monitor its frequency resources to determine the set of PRBs experiencing heavy UL interference and avoid scheduling victim PUEs on such resources. 
· If the macro cell eNB and pico cell eNB share an X2-connection,
· Pico cell eNB can send OI message to the macro cell eNB. The macro cell eNB can, in response, configure downlink ABS, and inform the pico cell eNB (via X2) regarding the location of protected subframes. The pico cell eNB can use the ensuing “protected UL” subframes to schedule its heavily interfered users over uplink. 
· Macro cell eNB may de-boost the uplink transmit power via Rel-8/9 power control – for macro cell UEs already experiencing good coverage – to minimize UL interference footprint at pico cell eNB.
· If the macro cell eNB and pico cell eNB do not share an X2-connection, 
· Macro cell eNB may utilize a pre-configured set of ABS (handled via OAM) which can be used for providing interference protection to the pico cell eNB over both uplink and downlink.
5. Uplink Interference: Scenario 2
In Scenario 2, we consider the following CA-based HetNet scenario (see Figure 3):
· The macro cell eNB configures a Pcell f1 on which it transmits with maximum power and a Scell f2 on which it transmits with relatively lower power so as to minimize downlink interference at pico cell UEs.
· The pico cell eNB configures a Pcell f2 on which it transmits with maximum power and a Scell f1 on which it transmits with relatively lower power so as to minimize downlink interference at macro cell UEs.
Note that if a macro cell UE cannot detect the PSS/SSS of the pico cell eNB on f1, then it can create heavy interference to the pico cell UE over the uplink on f1. According to above description, TDM-ICIC is not applicable because a pico cell UE configured for CA cannot be configured with CSI-measurement restriction on the Scell f1.
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Figure 3: Carrier-aggregated Het-Net with PCell on one layer (macro) is the same carrier frequency as the SCell on other layer (Pico), Scenario 2

Proposal 2 [Scenario 2]: 
· The pico cell eNB configures CA only to users experiencing good channel conditions, so that they can reliably received on uplink in presence of uplink interference from an aggressor UE. We leave this to be handled via eNB implementation.

· For cell-edge pico cell UEs, the pico cell eNB should not configure such UEs with CA; rather they should be assigned the carrier experiencing lower uplink interference (e.g. f2).
· Pico cell eNB can apply Rel-8/9 uplink power control over control and data channels and/or conservative link adaptation to boost the SINR for its victim UEs.
· Pico cell eNB can monitor its frequency resources to determine the set of PRBs experiencing heavy UL interference and avoid scheduling victim PUEs on such resources. 
6. Conclusion

Summary:  For either Scenario 1 or Scenario 2 (as described below), based on above analysis and pending further study, we foresee that most uplink interference issues can be handled via existing specification (e.g. Rel-8/9 power control) and/or eNB implementation (in combination with OAM). 
Scenario 1[Single-Carrier/CA-based HetNet]: 
Scenario 1 has either of the following characteristics:
· Single carrier hetnet.
· Or alternatively, a CA-based hetnet (Figure 2) wherein the macro cell eNB and pico cell eNBs configure a Pcell f1 on which they transmit with maximum power and a Scell f2 on which they transmit with relatively lower power.
Proposal 1 [Scenario 1]:

· Pico cell eNB can apply Rel-8/9 uplink power control over control and data channels and/or conservative link adaptation to boost the SINR for its victim UEs.
· Pico cell eNB can monitor its frequency resources to determine the set of PRBs experiencing heavy UL interference and avoid scheduling victim PUEs on such resources. 
· If the macro cell eNB and pico cell eNB share an X2-connection,
· Pico cell eNB can send OI message to the macro cell eNB. The macro cell eNB can, in response, configure downlink ABS, and inform the pico cell eNB (via X2) regarding the location of protected subframes. The pico cell eNB can use the ensuing “protected UL” subframes to schedule its heavily interfered users over uplink. 
· Macro cell eNB may deboost the uplink transmit power via Rel-8/9 power control – for macro cell UEs already experiencing good coverage – to minimize UL interference footprint at pico cell eNB.
· If the macro cell eNB and pico cell eNB do not share an X2-connection, 
· Macro cell eNB may utilize a pre-configured set of ABS (handled via OAM) which can be used for providing interference protection to the pico cell eNB over both uplink and downlink.
Scenario 2 [CA-based HetNet]
Scenario 2 has the following characteristics:

· The macro cell eNB configures a Pcell f1 on which it transmits with maximum power and a Scell f2 on which it transmits with relatively lower power so as to minimize downlink interference at pico cell UEs.
· The pico cell eNB configures a Pcell f2 on which it transmits with maximum power and a Scell f1 on which it transmits with relatively lower power so as to minimize downlink interference at macro cell UEs.
Proposal 2 [Scenario 2]: 
· The pico cell eNB configures CA only to users experiencing good channel conditions, so that they can reliably received on uplink in presence of uplink interference from an aggressor UE. We leave this to be handled via eNB implementation.

· For cell-edge pico cell UEs, the pico cell eNB should not configure such UEs with CA; rather they should be assigned the carrier experiencing lower uplink interference (e.g. f2).

· Pico cell eNB can apply Rel-8/9 uplink power control over control and data channels and/or conservative link adaptation to boost the SINR for its victim UEs.
· Pico cell eNB can monitor its frequency resources to determine the set of PRBs experiencing heavy UL interference and avoid scheduling victim PUEs on such resources. 
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