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1. Introduction

In [1], we discussed a number of options for re-gaining some of the potential lost uplink capacity when applying ABS. With this contribution, we would like to discuss further on the possibilities and limit the solution space for uplink scheduling enhancements in relation to TDM eICIC. The concept of TDM eICIC, allows for eNBs to introduce muting patterns to improve the overall downlink system performance. The primary use cases for this concept is to allow for pico node range extension in the macro-pico case, and for macro coverage hole avoidance in the macro-CSG HeNB case. In both scenarios, it is possible for an aggressor node to apply almost blank subframes (ABS) in order to protect the victim node performance. The amount of subframes to have under ABS operation for a given node is left open for implementation, and could in different scenarios vary quite a lot depending on the deployment scenario as well as configuration and load of the system. When the ABS is applied, the eNB will only transmit the minimum necessary information within a subframe. This includes transmission of CRS, PSS/SSS, PICH, PBCH, PDCCH for SIB (reference and actual transmission info). According to [1], the eNB may transmit with reduced power during ABS, but applying such transmission of normal data (PDSCH and PDCCH) will effectively cause the ABS to not be almost blank subframes anymore, and we risk not seeing the effect of applying ABS. Hence, we assume that during an ABS, the eNB actually do ABS operation, and hence will not be able to transmit any PDCCH. Therefore, it will not be able to schedule any uplink traffic during these instants. This means that in case an eNB applies a muting/ABS pattern resulting in 30% muted subframes, the resulting uplink capacity will be reduced by the same amount at the aggressor node. As the uplink interference characteristics are significantly different from the downlink (e.g. due to use of UE specific power control), it is not desirable to have uplink scheduling gaps. However, although the TDM eICIC concept is designed to address downlink HetNet interference problems, it also influence negatively on the uplink in terms of lost scheduling opportunities during the ABS. 
2. Evaluation of gain potential from re-using uplink scheduling potential
2.1 Balanced network

In order to evaluate potential impact on user performance of re-gaining the capacity, a set of simulations has been conducted. The simulations were based on macro + pico scenario with 4 pico eNBs per cell and 4b UE deployment as described in [4] was used. The power control setting procedure follows the proposals in [5]
The reference scenario was based on maximizing the DL capacity. Therefore below listed setting were used

· 14dB RE in the pico layer

· 50% of macro subframes were ABS
· For illustrating the case with lower ABS muting fraction we have also considered 30% ABS with a corresponding lower cell selection bias of 10 dB.

The set of pico UEs selected to be served during the macro ABS is the same both for DL and UL and is based on the downlink per-UE observed SINR and percentage of ABS frames. Assuming X% of ABS applied at the macro layer, each pico eNB will:

· Serve the UEs with the lowest DL SINR (calculated during normal macro transmission) during the ABS. This is in order to keep resource fairness of the scheduler.

· If any of the remaining pico UEs observes a DL SINR lower than -6dB it is also served during macro ABS.

After introducing the possibility of scheduling macro UEs during the ABS, the macro eNB will choose X% (i.e. the same fraction as the fraction of ABS) of UEs with lowest path loss towards serving macro eNB to be scheduled during ABS. This impacts the network performance in two ways:
· Macro UEs gain more uplink resources

· Pico UEs served during ABS will observe higher UL interference levels
· Pico UEs served during non-ABS can observe lower interference levels (depending on set of macro UEs transmitting during ABS)

With the assumptions that all of the ABS frames can be utilized for macro UL transmission the relative gains when compared to reference scenario are as listed in the table 1 and table 2.

	
	Macro UEs
	Pico UEs
	All UEs

	5%- ile
	+20%
	-20.3%
	-4.0%

	50%-ile
	+23.2%
	-0.7%
	+4.0%

	Mean
	+22.7%
	+0.4%
	+4.6%


Table 1 Impact of re-gaining UL capacity of macro ABS under the assumption of using an ABS fraction of 30% and RE bias of 10 dB.
	
	Macro UEs
	Pico UEs
	All UEs

	5%- ile
	+22%
	-22.4%
	-1.1%

	50%-ile
	+42.5%
	-8.4%
	-2.2%

	Mean
	+43.8%
	-3.8%
	+2.6%


Table 2 Impact of re-gaining UL capacity of macro ABS under the assumption of using an ABS fraction of 50% and RE bias of 14 dB.
The gains observed for macro UEs are much higher than losses seen for pico UEs. It should be noted that those values can be strongly affected by more optimal choice of macro UEs to be served during ABS as well as the number of those UEs. Hence, we have an indication there will be a potential uplink capacity system gain of 20-30% from re-gaining the lost UL capacity from the introduction of the ABS patterns when using TDM eICIC. It should be noted that these are gains observed in both the coverage and throughput dimensions. The only observed drawback is the loss observed for cell-edge pico UEs, which is of the same magnitude as the gain of macro cell edge UEs. 
Considering the impact on the overall network performance the changes are negligible.

2.1 Unbalanced network
The method, however aims mainly in the situation when macro UEs are lacking resources and additional capacity in the macro layer is needed. In order to simulate such a situation additional set of simulations was performed. The basic assumptions are the same as previously, but the user distribution is uniform over the entire network (i.e. user deployment “1” from [36.814]). This basically means that the optimum balance of RE bias, fraction of ABS and users connected to each node is no longer kept. Such a scenario would represent the case where the traffic conditions have changed, and the macro has not updated the ABS pattern according to the traffic distribution.
The impact on user performance for described cases with uniform UE distribution is presented in table 3 and table 4.

	
	Macro UEs
	Pico UEs
	All UEs

	5%- ile
	+27
	-22.5%
	+9.8%

	50%-ile
	+20.5%
	+1.9%
	+15.6%

	Mean
	+23.4%
	+6.2%
	+12.9%


Table 3 Impact of re-gaining UL capacity of macro ABS under the assumption of using an ABS fraction of 30% and RE bias of 10 dB.
	
	Macro UEs
	Pico UEs
	All UEs

	5%- ile
	+74.3%
	-21.5%
	+23.1%

	50%-ile
	+35.9%
	+0.4%
	+18.3%

	Mean
	+45.8%
	+2.4%
	+11.7%


Table 4 Impact of re-gaining UL capacity of macro ABS under the assumption of using an ABS fraction of 50% and RE bias of 14 dB.
If the macro layer is overloaded, the benefits of UL capacity enhancements are much higher, especially in terms of macro cell-edge UE performance and overall network performance. 
3. Short summary of solutions outlined in [1]
In [1], we proposed four options for addressing the lack of uplink scheduling opportunities while applying TDM eICIC. These options were (with short description of system impact in brackets):

· Softening ABS definition (causing the TDM eICIC gain in PDCCH area to be reduced)
· Introduction of “scheduling ahead” (putting higher requirements on the eNB processing time)
· Introduction of “scheduling late” (putting higher requirements on the UE processing time)
· Rearrangement of HARQ processes (introducing higher specification complexity and not giving uplink capacity gains).
The option of softening the ABS definition is to some extend already available in terms of specifications, as [2] opens for transmission with no or reduced power during the ABS. This means that the aggressor node could in principle schedule UEs out of the range expansion region with lower power to utilize the UL capacity. However, as already discussed in [1], this option will cause PDCCH to be transmitted from the aggressor node, and to a large extend cause interference to the PDCCH of the victim cell – especially for cases with high values of cell selection bias for range expansion. Correspondingly, the PDCCH transmit power is only expected to have a limited deboosting. For instance, [3] only defines test models with PDCCH deboosting of a maximum of 4.7 dB, which will not cause an interference free environment when in the range expansion area.

Correspondingly, the rearrangement of the UL HARQ processes will not introduce a true gain in terms of additional uplink capacity, but rather an impact to the UL HARQ RTT delays observed when applying TDM eICIC. Hence, for the time being, we consider this option as being less attractive in terms of being a means to capture some of the potential missing uplink capacity from applying TDM eICIC.

By this argumentation, we see two available options for UL scheduling implementation for re-gaining the UL capacity, which are based on either early or late scheduling. Hence, we recommend that RAN1 agrees on the following:

Proposal 1: RAN1 should consider whether either early or late scheduling as the preferred way to utilize UL capacity being blocked by ABS when applying TDM eICIC
4. Early and late scheduling options
In this section we will discuss a bit further on the possible requirements and impacts of the two approaches for shifting the timing of the scheduling information. Common to both options is that fact that reduced processing time will be enforced at one of the ends of the transmission/reception end, and this tighter processing requirement would impact power consumption as well as the complexity of the implementation. As a starting point, we only see it feasible to be able to reduce the total processing time by 1 TTI compared to the current operation, based on the fact that both UE and eNB would still need to perform other tasks, so it may be unrealistic to get extreme reduction of processing times. Further, introducing this feature would introduce additional complexity to the specifications. It is expected that the specifications that would be impacted by this feature would be 36.213 on the UE procedures as well as 36.331 for the configuration of the feature.

The introduction of time-shifted scheduling would break the normal timing for non-adaptive HARQ, as in this case, multiple uplink resources may end up referring to the same PHICH index and PHICH group. Hence, introducing time-shifted scheduling would require that the time-shifted subframe allocations are assigned to adaptive HARQ operation only.

4.1 Early scheduling

Normally, for FDD mode, the early scheduling for TTI number k would happen in TTI number k-4. With early scheduling, the scheduling signaling would happen in TTI number k-5, and would lead the eNB having to have the scheduling decision ready 1 ms earlier than would be needed for normal operation.
The main cons of early scheduling would be:

· Reduced eNB processing time for preparing scheduling decision. This comes on top of the fact that the eNB in the uplink processing chain is handling the PUSCH signals for multiple UEs.
· Increased load on the PDCCH for the TTIs that carry scheduling information for multiple TTIs.

· Management overhead at eNB of which UEs are configured for early scheduling.
The main pros of early scheduling would be:

· UE can potentially delay the blind decoding for scheduling command to the time of the ABS, so UE processing time impact may be small.
· Higher UL UE throughput.

4.2 Late scheduling

Normally, for FDD mode, the late scheduling for TTI number k would happen in TTI number k-4. With late scheduling, the scheduling signaling would happen in TTI number k-3, and would lead the eNB to do the scheduling decision later than normal and put processing time restrictions on the UE.

The main cons of early scheduling would be:

· Reduced UE processing time for preparing the UL transmission.

· UE will have to do double decoding of the PDCCH to have UL scheduling decisions available for TTI k and TTI k+1 (which scheduling information will also be sent in the same TTI).

· Increased load on the PDCCH for the TTIs that carry scheduling information for multiple TTIs.

· Management overhead at eNB of which UEs are configured for late scheduling.

The main pros of early scheduling would be:

· Higher UL UE throughput.

Without making any evaluation of which approach is the best from a performance point of view, we propose that:

Proposal 2: RAN1 further investigate which is the time-shifted scheduling options should be considered further for utilizing UL capacity not available due to ABS.
5. Conclusion
In this contribution we have shown the potential capacity gains if re-utilization of UL resources for the TDM eICIC case is enabled. For the macro UEs the gains can be very high for the cell edge macro UEs and, in case of unbalanced network configurations, there is a boost in the overall network performance observed.
Based on the discussions in this contribution, we propose that RAN1 consider options for improved utilization of the uplink for cases where ABS is used in the downlink, i.e. TDM eICIC. Such improvements would primarily be based on time-shifted adaptive HARQ scheduling grants (either early or late scheduling). We propose the following:

Proposal 1: RAN1 should consider whether either early or late scheduling as the preferred way to utilize UL capacity being blocked by ABS when applying TDM eICIC

Proposal 2: RAN1 further investigate which is the time-shifted scheduling options should be considered further for utilizing UL capacity not available due to ABS.
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