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1 Introduction
Study item on enhanced uplink for Rel.11 has been established [1]. This contribution discusses potential topics in RAN1 for enhanced uplink. 
2 Enhancement of UCI transmission
In Rel.11, various types of CSI, e.g. for CoMP, carrier aggregation (CA), TDM ICIC, would be defined and the combination would be important. We propose to define a common container for multiple CSI reporting for various purposes. 
For periodic CSI, it should be allowed to transmit multiple periodic CSI reporting in the same subframe on one UL CC. One way would be periodic PUSCH transmission with reusing SPS mechanism. We propose to discuss it in the study item. 
For aperiodic CSI, multiplexing method and triggering mechanism which are commonly used for various purposes (e.g. CA, CoMP, TDM ICIC) should be discussed. 

As another topic, enhancement for UCI on PUSCH without UL data (i.e. UCI-only) should be discussed. In Rel.10, UCI on PUSCH with UL data is already well-designed for both rank-1 and rank >1. On the other hand, UCI on PUSCH without UL data (i.e. UCI-only) has a room to improve since it supports only single rank and QPSK. Because enhancement for single antenna is important, we think support of 16QAM has higher priority than rank-2 transmission. 
3 Enhancement for new deployment scenario
3.1.1 Enhancement for LPN deployment
As potential enhancement topics, following two are considered. 
· Efficient support of HPN/LPN operation with the same cell ID
For an efficient operation with HPN/LPN which has the same cell ID like CoMP scenario 4, reuse of uplink channels/signals in different locations in the cell would be important. Therefore, interference randomization between different locations is necessary. One possible approach is to use virtual cell ID described below. An example operation is shown in Figure 1. 
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Figure 1 HPN/LPN with same cell ID 
· Efficient interference coordination/avoidance in HetNet 

In order to support an efficient operation with different DL transmission point (e.g. macro eNB to UE) and UL reception point (e.g. UE to pico eNB), use of the orthogonal uplink resource for different cell (e.g. macro UE uses pico uplink resource) would be beneficial. An example is shown in Figure 2. 
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Figure 2 different DL transmission point and UL reception point

In Rel.10 spec, interference randomization for most of the uplink channels/signals is based on cell ID, i.e. interference signals with different cell ID are randomized. Therefore, if the same uplink resource (i.e. time/frequency/sequence resource) is used for different UEs in separate area within the same cell, the interference is not randomized. Therefore, it would be beneficial to introduce a mechanism to achieve interference randomization between transmission signals from separate areas in the same cell for an efficient support of HPN/LPN operation with the same cell ID. A simple way would be transmission signal generation using virtual cell ID (or UE (group)-specific cell ID). Virtual cell ID is a UE-specific configured value used for pseudo-random sequence generation (cinit) instead of cell ID (NIDcell). 
We propose to study virtual cell ID concept for an efficient support of HPN/LPN operation with the same cell ID and uplink interference coordination/avoidance in HetNet. 

Also, in the CoMP/HetNet scenario with the same and different cell ID, how uplink power control is affected needs to study.
3.1.2 Enhancement for higher mobility 

Potential enhancement topic would be DMRS enhancement, e.g. more dense DMRS in time domain. However, this might be lower priority than above. 

4 Enhancement of uplink reference signal 

Enhancement of the uplink reference signals is mentioned in the study item description. This section provides our view on potential topics on uplink reference signal. 
4.1 Frequency hopping with/without multi-shot SRS (aperiodic SRS)
For periodic SRS (P-SRS), the SRS resource is frequency-hopped between subframes according to the configured hopping pattern when hopping is configured. For aperiodic SRS (A-SRS), frequency hopping was discussed but not agreed in Rel.10. In A-SRS with frequency hopping, when UE is triggered to transmit A-SRS, UE transmits A-SRS on the frequency resource (RBs) derived from the hopping pattern. Wideband sounding is possible for cell edge UE (who can transmit only narrow band SRS due to power limitation) with A-SRS triggers in multiple subframes. Furthermore, frequency hopping for A-SRS has good affinity with P-SRS, i.e. easy to operate with P-SRS with frequency hopping and A-SRS coexisting within subframe. Multi-shot SRS for A-SRS was also discussed but not agreed in Rel.10. The UE configured with multi-shot SRS transmits A-SRS in consequence A-SRS subframes when A-SRS is triggered. Wideband sounding is possible for cell edge UE (which can transmit only narrow band SRS due to power limitation) with one A-SRS trigger (i.e. one PDCCH). Several concerns on e.g. false detection of SRS request, handling of DTX/DRX, were raised.

In Rel.10 discussion, both were not adopted considering the benefit compared to the complexity and standardization effort. These functions would be lower priority in Rel.11 unless new benefit or new scenario is identified.
4.2 Aperiodic sounding based on non-precoded DMRS
In Rel.10, non-precoded DMRS was proposed in e.g. [3]. Two schemes are considered. One is the non-precoded DMRS is transmitted with the same bandwidth of PUSCH allocation. The other is the non-precoded DMRS is transmitted independently from the PUSCH transmission.

· non-precoded DMRS transmission with the same bandwidth of PUSCH from the same UE
The purpose of the non-precoded DMRS is quick sounding during PUSCH transmissions for a data burst from a given UE. Non-precoded DMRS is mainly used for selection of precoding matrix. Scheduling delay (i.e. processing delay of CSI estimation, scheduling, UL grant, PUSCH transmission) should be taken into account when we discuss the usefulness. Because the bandwidth of DMRS and non-precoded DMRS is identical, multiplexing of DMRS and non-precoded DMRS can be based on cyclic shift and OCC. 

· non-precoded DMRS transmission without PUSCH from the same UE
The purpose of the non-precoded DMRS is to overcome the capacity problem of SRS resource. The functionality is basically same as the one for A-SRS. The non-precoded DMRS can be multiplexed with other UE’s DMRS. The bandwidth is flexible, e.g. narrower bandwidth for cell edge UE. Because bandwidth of DMRS and non-precoded DMRS can be different, the multiplexing of DMRS and non-precoded DMRS is only based on OCC unless DMRS is modified, e.g. introduction of comb. This causes interference to other UEs which transmit PUSCH. 

For both, Pros/Cons and the performance gain should be carefully evaluated.

4.3 RS enhancement for cell-edge UEs
For uplink CoMP operation, RS enhancement for cell-edge UE may be beneficial. In Rel.10, DMRS sequence depends on physical cell ID (PCI) for inter-cell interference randomization. For interference avoidance for cell edge UEs, e.g. uplink CoMP, orthogonal DMRS transmission between cells is desired. Therefore, the enhancement should be support of orthogonality between cells. There are two approaches for orthogonal DMRS between cells, introduction of virtual cell ID for DMRS sequence derivation and introduction of comb for DMRS [4]. The first approach is preferable because virtual cell ID is simple and can be applied to other purposes, e.g. CoMP, HetNet, as mentioned in section 3. 
5 Conclusion 

In this contribution, we discussed potential topics for enhanced uplink study item in Rel.11. We propose to study the following during the study item. 
· Periodic and aperiodic UCI transmission (i.e. container and triggering mechanism) commonly used for various types of CSI reporting, e.g. CoMP, CA, TDM ICIC. 
· Use of virtual cell ID to UL RS, PUCCH and PUSCH for an efficient support of HetNet and CoMP with/without same cell ID

· Sounding based on non-precoded SRS 
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