Page 1

3GPP TSG RAN WG1 #72bis
R1-131406
April 15th – 19th, 2013
Chicago, USA
Agenda item:
7.2.5.2.2
Source: 
Qualcomm Incorporated
Title: 
Control Channel Overhead Reduction
Document for:
Discussion and Decision
1
Introduction
With the densification of small cells, it is likely that some UEs may be very close to one or more small cells and hence may have good channel conditions. In this contribution, we will investigate some potential control channel overhead reduction schemes under small cells.
2
Discussion
In LTE Rel-11, a single downlink control channel only schedules a single PDSCH transmission in one subframe, or a single PUSCH transmission in one subframe (except for TDD configuration #0, where a single UL grant can schedule two uplink PUSCH transmissions). 
In Rel-12, with the densification of small cells, it is likely that some UEs may experience good channel conditions due to close proximity to one or more small cells. As a result, there are motivations to consider potential downlink and/or uplink control channel overhead reduction techniques for these scenarios. 
Each control channel transmission consumes certain resources. Assuming 2 CCEs or 72 REs for a downlink control channel (especially for MIMO DCI formats), the corresponding overhead is equivalent to half a PRB pair. However, it is worth noting that at least for distributed downlink control channel transmissions (legacy PDCCH or EPDCCH), the actual dimensional loss due to a downlink control channel transmission can be much larger. As an example, consider a single control channel transmission, one would need:
· 1 control symbol for legacy PDCCH, a 7% overhead for normal CP

· At least 2 PRB pairs for distributed EPDCCH, a 4% overhead in 10MHz

Downlink control channel overhead reduction can be realized via:
· Multi-subframe scheduling, i.e., one control channel schedules DL/UL transmissions over two or more subframes

· Cross-subframe scheduling, i.e., one subframe may contain two or more control channels scheduling DL/UL transmissions over two or more subframes

The first approach results in better downlink control channel savings, but at the expense of slight loss in scheduling flexibility (assuming no significant change in DCI format design). The second approach does not reduce individual control channel overhead directly, but brings more statistical multiplexing gain for control channels. 

Note that since in small cells the number of scheduled UEs is often small, the control overhead reduction is expected to be achievable by addressing the limitation in control resource granularity rather than trying to optimize the control payload.  For example, when there is a single grant for a UE in good channel conditions, the overhead is at least 1 PRB pair (for EPDCCH) or at least one control symbol (for PDCCH), irrespective of the message size. A more compact DCI format will not achieve the gain achievable by multi-subframe or cross-subframe scheduling. 
Both approaches can be for further study as possible optimizations for small cells, especially if MCSs over multiple subframes are not drastically different and if the load at small cells is small. The gain can be in the order of low single digit % at the expense of some standardization efforts. 
Therefore, we propose:

· Proposal 1: Consider some control overhead reduction (e.g., multi-subframe scheduling, cross-subframe scheduling, etc.) for small cells in Rel-12.

On the other hand, in uplink, the following UCI are supported: CSI, ACK/NAK, and SR, along with SRS signals. Note that even when there is a small of UEs operating on the UL, current specification already provides a good set of means for efficient UL operations, namely:

· If UCI is transmitted on PUCCH, it is possible to multiplex PUCCH formats 1/1a/1b and PUCCH formats 2/2a/2b in the same PRB pair, and to multiplex PUCCH formats 1/1a/1b/3 with SRS in a TDM a manner
· Note that each PUCCH transmission occupies two PRBs in a mirror-hopping manner. If mirror-hopping based PUSCH is not scheduled, two PRB pairs have to be reserved for PUCCH.

· If UCI is transmitted on PUSCH, the actual overhead consumed by a UE can be controlled in a UE-specific manner, and SRS can be TDM with PUSCH
As a result, there doesn’t seem to be a strong need for uplink control channel overhead reduction. 

Note that in the context of UL carrier aggregation, PUCCH is only supported in the primary uplink carrier for a UE. However, since the configuration of primary uplink carrier is UE-specific, there is no strong need to perform control channel overhead reduction from the perspective of uplink control load balancing across different UL carriers either.

Therefore, we propose:

· Proposal 2: No uplink control channel overhead reduction in Rel-12.

3
Conclusions 

In this contribution, we discussed some potential control channel overhead reduction techniques in the context of small cells, and propose that:
· Consider some control overhead reduction (e.g., multi-subframe scheduling, cross-subframe scheduling, etc.) for small cells in Rel-12.
· No uplink control channel overhead reduction in Rel-12.
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