3GPP TSG RAN WG1 Meeting #72bis














R1-131238
Chicago, USA, 15th – 19th April 2013











  

Agenda item:


7.2.5.2.2
Source:
Nokia, Nokia Siemens Networks 
Title:
On control signaling enhancements for Small Cells
Document for:


Discussion and Decision
1. Introduction
The small cell enhancement – physical layer SID [1] defines the means enhancing the spectral efficiency: 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Overhead reduction for reference signals, control signals and feedback in downlink and uplink based on existing channels and signals. 

In this contribution we discuss the potential overhead reduction for downlink control signalling in small cells.
2. Small cells characteristics
For control channel overhead reduction, the channel characteristics of small cell with low UE mobility should be taken into account as a starting point for the discussion.
Small cells have the following properties: 

· Due to the expected low mobility in small cells, the corresponding channel characteristics change slowly in time domain and due to the lower delay spread in the frequency domain.

· The interference fluctuation is more dramatic than macro. 

· Small coverage, the average SNR that UE can reach in a small cell is expected to be higher than in macro cell.

· Smaller number of users than macro, but the average amount of data per user may be higher than that in macro.

· Deployment of small cells in dense clusters

The important differences from a macro cell from control signal perspective are the slower changing channel characteristics and a high cell capacity available for a smaller number of UEs in the small cells. Together these factors could enable more efficient and optimized scheduling techniques that could reduce the overall downlink control overhead. But certainly some of the envisioned control channel enhancements could be considered to be applied in traditional macro-cellular deployments as well.
A slowly changing channel means that the channel is also more predictable and a UE could therefore be scheduled in advance for future subframes. Moreover, the smaller number of high traffic load UEs served by each cell means there is less need to switch between UEs allocations across subframes.
Observation 1: Because of high SNR in combination with a low number of UEs it is expected that the downlink control overhead in small cells is clearly smaller than in macro cells already without any overhead optimizations.

Two main techniques have been proposed by several companies in RAN1#72. Cross subframe scheduling mentioned in e.g. in [2, 3] is a technique, where the control region could contain control channels that schedule a UE in some particular single subframe (either the current or one the following subframes). High data rate/full buffer traffic for a UE could benefit from multi subframe scheduling, where a control channel could schedule a UE for DL or UL transmissions in multiple subframes with the same allocation in each of these subframes as proposed in [2, 3, 4].
3. Discussion
As a starting point we note that small cells should be backwards compatible according to the SID in [1] and should therefore always contain the legacy PDCCH region in each subframe with a minimum of 1 or 2 PDCCH symbols. One symbol of downlink control represents an overhead of about 7.1%. 

In addition to PDCCH utilization, EPDCCH may be configured for Rel-11 UEs with a minimum of two PRB pairs but also four or eight PRB pairs could be used. In general, as the number of UEs within a small cell will be rather small there might not be a real motivation to configure EPDCCH at all and if so just with a minimal number of EPDCCH PRB pairs. The actual overhead for EPDCCH depends on the bandwidth and for a 10 MHz channel two PRB pairs represent an overhead of ~4%. We should also note that the overhead for EPDCCH can be managed dynamically, as PRB pairs configured for EPDCCH can be reused for PDSCH or the UEs might not be requested to monitor EPDCCH in certain subframes (i.e. not having EPDCCH transmission in other subframes).
With a small number of UEs in some of the subframes even only one symbol for the PDCCH region might be over dimensioned for serving a few UEs. In some other subframes, where for example PDCCH is also transmitted in the common search space, the required PDCCH capacity could slightly exceed one symbol and hence force the scheduler to either schedule a smaller number of users in that subframe or utilize two symbols for the PDCCH region resulting in larger overhead and low resource utilization on PDCCH. A potential solution could be the proposed multi- and cross-subframe scheduling, which have the potential to decrease the number of downlink control channels and increase the statistical multiplexing gain.
Optimized subframe scheduling does not come for free. Additional bits in the DCI format will most likely be needed in order to enable cross- or multi-subframe scheduled. As long as these additional bits are not too many, the distribution of aggregation levels will not be severely changed. Multi-subframe scheduling means that an (often downlink) allocation spans several subframes with the same resource allocation and modulation parameters but with different HARQ process related parameters. This kind of scheduling is applicable to small cells, where the UEs are believed to at least occasionally receive or transmit large amount of data and the channel is slowly changing and frequency selectivity and rank properties are valid for several subframes. Multi-subframe scheduling can use a single DCI to schedule several consecutive data channel usages and thereby uses less control channel capacity on average.
Observation 2: Multi-subframe scheduling schedules several subframes with one control channel and can therefore potentially save downlink control capacity if the number of scheduled UEs is large enough. 
In cross-subframe scheduling a DL/UL allocation can be scheduled in a different subframe than the one where the DCI is transmitted. This does not by itself reduce the number of control channels or the number of control channel bits to be transmitted but can be used to optimize the control channel scheduler by keeping the control overhead at a somewhat efficient level in all subframes. In other words, the statistical multiplexing gain is increased with cross-subframe scheduling.
Observation 3: With cross-subframe scheduling an allocation can be scheduled in a different subframe than the one where the control channel is transmitted. Cross-subframe scheduling increases the statistical multiplexing gain but is not reducing the amount of DCI signaling.  

If optimized subframe scheduling techniques are considered both cross- and multi-subframe scheduling might be used together; multi-subframe scheduling for decreasing the number of DCIs to be transmitted and cross-subframe scheduling for shaping the control region size between subframes. It should also be noted that both techniques could be implemented in a similar way in terms of indicating the subframes: by some extra bits in the DCI formats, where different combinations could denote cross- or multi-subframe.

Observation 4: Cross- and multi-subframe scheduling might be used together in order to be able to achieve reasonable control channel overhead reductions.

Both techniques can be applied on top of PDCCH and EPDCCH, although when applied for PDCCH the potential gains could be higher due to the larger increments in the downlink control regions. Overall, detailed studies will be needed in order to quantify the potential control channel overhead reduction enabled by these techniques and will be of course also depending on how many users the eNB is trying to reach by control signaling on average per subframe, which is a eNB choice as such (i.e. preferred TDM vs. preferred FDM user multiplexing).
Observation 5: Detailed studies will be needed in order to quantify the potential overhead reductions considering different eNB scheduling philosophies.

There are also some drawbacks for subframe optimized scheduling. First, some mechanism must be added to inform the UE about the subframes that are used for the allocation. One obvious way for this is to add a few bits in the DCI format for signaling the subframes involved. Moreover, for multi-subframe scheduling additional HARQ process related information will be required for the independent transmission blocks. As coverage seems to be a minor problem in small cells adding a few bits in the DCI format might be feasible. One additional issue is the size differentiation between DCI formats that should be maintained, which have traditionally been handled with padding bits but it is not clear how long padding bits can solve this problem depending on the amount of additionally required bits. In case the same DCIs as such would be available should be available at the same time with the cross- & multi-subframe scheduling as well as traditional single subframe DCI, the number of decoding candidates for the UE might be increasing.

Secondly, there is also a large difference in terms of operation as such. The scheduling algorithm in the eNB will need to be changed in order to jointly consider multiple subframes that can be addressed through cross- and multi-subframe scheduling as such and makes it therefore considerably more complex. Moreover, in order to harvest the potential gains efficiently, the network will need to operate in a more “semi-static” scheduling operation mode compared to legacy control operation.

Finally it should be noted the potential overhead reductions will only materialize as user throughput gains in case of (fully) loaded small cells, as otherwise the overhead reduction will not show up as an improvement in user experience. Furthermore it is not clear how much EPDCCH control channel overhead is saved as the increments for increasing the EPDCCH region are smaller and (part of) the configured resources can be reused by PDSCH already and the overall requirements on control channel capacity for small cells are currently a bit unclear.

Observation 6: In order to justify the introduction of new downlink control channel features targeting to reduce the control channel overhead, sufficiently large user & cell throughput gains will need to be identified. 
4. Conclusions

In this contribution we have discussed enhancements for the downlink control based on cross- and multi-subframe scheduling. We have made the following observations:

Observation 1: Because of high SNR in combination with a low number of UEs it is expected that the downlink control overhead is clearly smaller than in macro cells already without any overhead optimizations.

Observation 2: Multi-subframe scheduling schedules several subframes with one control channel and can therefore potentially save downlink control capacity if the number of scheduled UEs is large enough.
Observation 3: With cross-subframe scheduling an allocation can be scheduled in a different subframe than the one where the control channel is transmitted. Cross-subframe scheduling increases the statistical multiplexing gain but is not reducing the amount of DCI signaling.  

Observation 4: Cross- and multi-subframe scheduling might be used together in order to be able to achieve reasonable control channel overhead reductions.

Observation 5: Detailed studies will be needed in order to quantify the potential overhead reductions considering different eNB scheduling philosophies.

Observation 6: In order to justify the introduction of new downlink control channel features targeting to reduce the control channel overhead, sufficiently large user & cell throughput gains will need to be identified. 
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