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1. Introduction
In the RAN#58 meeting, a new study item to study potential technologies for small cell enhancement on physical layer aspect is adopted [1]. For one of the potential technologies, potential enhancements to improve the spectrum efficiency are agreed to be studied as below:

▪ 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.

▫ Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

In the contribution, we will discuss the potential enhancements with focus on enhancements and overhead reduction for UE-specific reference signals in downlink and uplink, and provide our views.
2. Small cell environments
In the previous RAN1#72 meeting, the environments and scenarios for small cell were discussed, and remarkable points are captured in [2] with following Figure 1 and Table 1.
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Figure 1: Small cell deployment scenarios for evaluation

Table 1: Definition of small cell enhancement scenarios
	SCE#1
	SCE#2 (2a/2b)
	SCE#3

	- Co-channel between macro and
small cells (F1)

- Overlaid macro coverage

- Outdoor deployment

- Dense small cells in a cluster

	- Separate carrier between macro
(F1) and small cells (F2)

- Overlaid macro coverage

- Outdoor deployment (2a), 
Indoor deployment (2b)

- Dense small cells in a cluster
	- One carrier (F1 or F2)

- No overlaid macro coverage

- Outdoor deployment

- Dense small cells in a cluster, 
Sparse small cell (indoor hot spot)



As seen in Table 1, each scenario can be distinguished by different deployment characteristic such as presence of macro coverage, co-channel/separate frequency deployment between macro and small cells, dense/sparse small cells in a cluster, backhaul definition and/or outdoor/indoor for small cells. However, small delay spread and low mobility are mainly considered depending on scenarios. The small delay spread and low mobility cause more flat channel, on which the lower density of reference signal to improve the spectrum efficiency can be considered.
3. Overhead reduction for DL DM-RS
The DL DM-RS pattern is specified in [3] as shown in Figure 2 for normal subframe with normal CP. As shown in Figure 2, DL DM-RS has 1/14 overhead for each CDM group, i.e. 1/7(=14.3%) overhead for PDSCH transmission with more than 2 layers.
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Figure 2: current DL DM-RS pattern for normal subframe with normal CP
With consideration on more flat channel due to small delay spread and low mobility, the current DL DM-RS overhead could be reduced as following aspects [4]~[10]:
1) Reducing DL DM-RS REs in time domain and/or frequency domain

   - current overhead is 12 REs (4 OFDM symbols in time domain ⅹ 3 subcarriers in frequency domain) within a PRB-pair per one CDM group

   - less than 4∙N OFDM symbols within N subframes can be used for DL DM-RS

▪ only one slot (= 2 symbols) of two slots in a subframe can be considered for every subframe [7], [9]

▪ one slot (= 2 symbols) of two slots in a subframe can be considered for some subframes [6]

- less than 3∙M subcarriers within M PRBs per one CDM group can be used for DL DM-RS

▪ only 1 or 2 subcarriers per a PRB and a CDM group can be considered for every PRB [4], [7]~[10]
▪ 3 subcarriers per two PRB and one CDM group can be considered for every two PRBs [10]
- Combinations of above DL DM-RS overhead reduction in time domain and frequency domain [5], [7]

     2) Reducing with multi-subframe scheduling and/or cross subframe scheduling 
         - DL DM-RS is transmitted only in a subset of subframes [5]

         - Overhead reduced DL DM-RS REs allocated in some subframes with multi-subframe scheduling [6]

Each aspect could accompany some impacts as below:
1) Restriction on total number of layers used for PDSCH transmission in the case of time-domain DL DM-RS overhead reduction (related to OCC length used for DL DM-RS)
2) OCC mapping to achieve power balancing for each OFDM symbol in the case of frequency-domain DL DM-RS overhead reduction
  3) The length of pseudo random sequence used for overhead reduced DL DM-RS
However, prior to the consideration of the others, an appropriate DM-RS density in time/frequency domain for small cell is firstly investigated with discussions whether the overhead reduction is performed within a PRB-pair or over more than one PRB-pair and whether the overhead reduction with multi-subframe scheduling (and/or cross subframe scheduling) is supported or not.
Proposal 1: 

An appropriate DM-RS density in time/frequency domain for small cell is firstly investigated with discussions
- whether the overhead reduction is performed within a PRB-pair or over more than one PRB-pair
- whether the overhead reduction with multi-subframe scheduling (and/or cross subframe scheduling) is supported or not
4. Overhead reduction for UL DM-RS

The current UL DM-RS overhead is 1/7(=14.3%, two SC-FDMA symbols per subframe) for PUSCH transmission. The overhead reduction for UL DM-RS could be investigated as following aspects [10]~[12]:
1) Transmitted in one of two slots in a subframe
2) Reducing overhead in frequency domain (using a frequency comb)
3) Multi-subframe scheduling 

Each aspect could accompany some impacts as below:

1) Transmitting in only one SC-FDMA symbol per a subframe reduces UL DM-RS multiplexing capacity because a current length 2 orthogonal cover code can not be applied. 

2) The overhead reduced UL DM-RS pattern in frequency domain may require investigation of UL DM-RS sequence having new sequence length. 

Proposal 2: 

The overhead reduction for UL DM-RS could be investigated as following aspects with consideration of impacts on multiplexing capacity and sequence design. 
- Transmitted in one of two slots in a subframe

- Reducing overhead in frequency domain (using a frequency comb)

- Multi-subframe scheduling 
5. Conclusion
In this contribution, we discussed the potential enhancements with focus on enhancements and overhead reduction for UE-specific reference signals with following our proposals:
Proposal 1: 

An appropriate DM-RS density in time/frequency domain for small cell is firstly investigated with discussions
- whether the overhead reduction is performed within a PRB-pair or over more than one PRB-pair
- whether the overhead reduction with multi-subframe scheduling (and/or cross subframe scheduling) is supported or not
Proposal 2: 

The overhead reduction for UL DM-RS could be investigated as following aspects with consideration of impacts on multiplexing capacity and sequence design. 
- Transmitted in one of two slots in a subframe

- Reducing overhead in frequency domain (using a frequency comb)

- Multi-subframe scheduling 
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