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1 Introduction
In RAN1#72bis, the following observations and next steps were summarized for further study for small cell SI [1]. 

	Observations:
· Multi-subframe scheduling and/or cross-subframe scheduling are proposed by many companies

· Not necessarily limited to small cells, but may be able to exploit relatively time-invariant channels

Next steps:
· For RAN1#73, focus on study of multi-subframe scheduling and cross-subframe scheduling

· Identify characteristics of potential schemes, e.g. for multi-subframe scheduling, how does it differ from SPS, how many subframes, how is link adaptation and HARQ retransmissions handled? 

· Evaluate whether there are useful potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling)

· Consider impact of resulting scheduling restrictions and potential means to mitigate such impact

· Identify potential specification impact

· Also consider PDSCH/EPDCCH starting in first OFDM symbol  


This contribution discusses the motivations and benefits of introducing multi-subframe and/or cross-subframe scheduling in small cell scenarios and reviews high-level design aspects to support multi/cross-subframe scheduling. 
2 Benefits
Obviously, multi-subframe scheduling may reduce the control overhead by aggregating multiple DCIs to a single DCI. However, the gain would depend on the number of subframes or DCIs aggregated into the single DCI (where the numbers may be determined based on many factors such as channel invariance, the number of UEs, UE mobility, etc). Even with not so significant overhead reduction gain, there are other motivations or benefits of introducing multi/cross-subframe scheduling described as below. 

· Small number of UEs per small cell: in a small cell scenario, due to its cell size and network density, the number of served UEs per each small cell at one time is expected to be small. In other words, the same resource allocation with the same MCS can be scheduled to a UE over a few consecutive subframes where multi-subframe scheduling can reduce the DCI overhead considerably. Furthermore, it is expected that downlink traffic or uplink traffic is rather bursty as small cell layer is mostly used for data offloading and thus scheduling over multiple subframes to the same UE would happen frequently in small cell scenarios.

· EPDCCH-less subframe: such as TDD special subframe configuration 0 with normal CP or special subframe configuration 7 with extended CP or MBSFN subframe with MBMS, there are downlink subframes without EPDCCH. Downlink scheduling PDCCH can be omitted as there will be no PDSCH transmitted in that subframe. Yet, the lack of uplink grant in those subframes would limit uplink scheduling flexibility. In a legacy carrier, this may be resolved by transmitting uplink grant via PDCCH, however, PDCCH in a dense small cell may not be so effective due to high interference. Therefore, cross-subframe or multi-subframe scheduling, at least for uplink grant, can be considered to address the issue with EPDCCH-less subframe.

· ICIC for control channels: another motivation of introducing multi/cross-subframe scheduling is to support efficient inter-cell interference control for control channels. When TDM ICIC technique (e.g., ABS) is used, a set of subframes which can transmit control channels would be limited, which will degrade the overall utilization of small cell layer. Thus, it would be natural to consider transmitting PDSCH or PUSCH in those subframes configured as ABS (or muting subframes) [2]. 
· Dynamic cell on/off: another potential use case where multi/cross-subframe scheduling would be beneficial is the case where dynamic cell on/off at subframe-level is applied. To reduce the energy consumption or inter-cell interference, each cell may dynamically turn on or off the cell specific signals such as CRS. In those subframes where cell specific signals are not transmitted, it would be desirable to allow transmission of PUSCH to maximize the user throughput [3]. Thus, multi/cross-subframe scheduling can be considered with dynamic cell on/off. 

3 Design considerations

There are a few design considerations to support multi/cross-subframe scheduling in small cell scenarios. 
Applying to CSS

We have not identified a use-case where multi-subframe or cross-subframe scheduling would be beneficial for CSS data such as SIB transmission or paging. Thus, for the simplicity, we think limiting multi-subframe and cross-subframe scheduling to USS DCIs is a natural choice. 

Proposal 1: It is a natural choice to limit the usage of multi/cross-subframe scheduling DCIs for USS.

Using both multi-subframe/cross-subframe scheduling and single-subframe scheduling simultaneously: 

If multi-subframe/cross-subframe scheduling is introduced for USS, three alternatives can be considered in terms of handling coexistence issue between multi/cross-subframe and single-subframe scheduling DCIs. 
(1) Option1 – a UE can be configured with either multi/cross-subframe scheduling or single-subframe in all subframe: as it is expected that a new DCI format will be introduced to support multi/cross-subframe scheduling, this may be realized with introducing a new transmission mode or higher-layer configuration. 

(2) Option2 – a UE can be configured with monitoring multi/cross-subframe scheduling DCIs at a subset of subframes where the UE expects to monitor single-subframe scheduling DCIs in other subframes: not to increase the blind decoding complexity at a given subframe, only one type of DCI can be present in a subframe. Those subframes may be configured or predetermined. Moreover, different sets can be assigned to downlink scheduling DCI and uplink grant DCI separately.

(3) Option3 – a UE is expected to monitor both multi/cross-subframe scheduling and single-subframe scheduling DCIs at a subframe which may be differentiated by search space. Even in this case, a UE may not expect to receive more than one PDSCHs scheduled by USS in a subframe or transmit more than one PUSCHs in a subframe. 
A brief summary of advantages and disadvantages of each option is shown in below.
	
	Advantages
	Disadvantages

	Option1
	It is the simplest approach. 
	Depending on the design of multi/cross-subframe scheduling DCI, the overhead of single-subframe scheduling may increase or flexibility of selecting multi/cross-subframe or single-subframe per subframe is limited. 

	Option2
	This approach offers some flexibility without increasing too much complexity.
	Subset configuration for multi/cross-subframe subframes should consider potential issues such as coexistence between multi/cross-subframe scheduling and single-subframe scheduling DCIs in the same subframe, PDSCH starting symbol, data rate matching, etc.

	Option3
	This approach offers the greatest flexibility.
	This may allow a subframe may have both multi/cross-subframe and single-subframe scheduling DCIs which would increase UE complexity and complicate the HARQ process. Compared to benefit, overhead is relatively greater.


Thus, our view is that Option 2 is the reasonable choice. 
Proposal 2: It should be further considered to limit multi/cross-subframe scheduling allowed only in a subset of subframes. 
MCS and HARQ process mapping:

A simple approach of DCI design for multi/cross-subframe scheduling is to add a “bitmap” where each bit maps to the successive valid downlink or uplink subframe such that ‘1’ indicates the same DCI applies to the subframe and ‘0’ indicates otherwise. For example, if multi/cross-subframe scheduling can schedule DCI up to four successive valid downlink subframes, four bits can be used to indicate whether the PDSCH is scheduled in the next four downlink subframes (e.g., [1 0 1 1] means PDSCH is transmitted in the same subframe n, n+2 and n+3). In terms of MCS and resource allocation, the same MCS and resource allocation can be applied to all PDSCHs (or PUSCHs). Frequency hopping or other diversity scheme over multiple subframes can be applied. 

For the HARQ process, we consider a separate HARQ process can be used for each PDSCH transmission even though multiple PDSCHs are scheduled by single DCI. A simple approach is to increment the HARQ process number per each PDSCH starting with HARQ process number specified in the DCI. The main motivation of using separate HARQ process per PDSCH is to support efficient retransmission.  Retransmission can be scheduled by single-subframe DCI. 

For transmitting HARQ-ACK (e.g., PUCCH or PHICH), separate ACK/NACK can be considered per PDSCH/PUSCH as if it is scheduled by a separate DCI as illustrated in Figure 1. 
[image: image1.wmf]0

1

2

3

4

5

7

8

9

6

PDCCH

(

PDSCH scheduling

)

Multi

-

subframe scheduling across B 

subframe 

(

ex

: 

B

=

3

)

PUCCH 

(

A

/

N

)

4

0

1

2

4

4

HARQ

-

ACK Timing Example


Figure 1. Example PUCCH Timing with Multi-subframe scheduling

Proposal 3: Separate HARQ process for multi-subframe scheduled PDSCHs/PUSCHs should be considered. 
Valid downlink/uplink subframe:

When a multi-subframe or cross-subframe scheduling DCI is transmitted, applying the same DCI to the next subframes would be limited only to valid downlink or uplink subframes. Without any restriction, valid downlink or uplink subframes can refer downlink or uplink subframes configured by SIB. Further restrictions can be considered if ICIC is applied or TDD configuration is used. For example, if ABS-like ICIC technique is used among small cells, each UE may be assigned with a set of subframes which can be considered as valid downlink or uplink subframes. When TDD configuration is used, it can be considered that special subframe is not considered as a valid downlink or uplink subframe. 

Proposal 4: Further study on the definition or mechanism to count valid subframes when multi/cross-subframe scheduling is used is needed with consideration of potential time-domain ICIC techniques.
4 Conclusion
We have identified potential benefits and necessities of introducing multi/cross-subframe scheduling in small cell scenarios. Furthermore, a few design considerations are discussed. 

Based on the discussion, we propose to consider introducing multi/cross-subframe scheduling for efficient small cell operation. 

Proposal 1: It is a natural choice to limit the usage of multi/cross-subframe scheduling DCIs for USS.
Proposal 2: It should be further considered to limit multi/cross-subframe scheduling allowed only in a subset of subframes. 
Proposal 3: Separate HARQ process for multi-subframe scheduled PDSCHs/PUSCHs should be considered.

Proposal 4: Further study on the definition or mechanism to count valid subframes when multi/cross-subframe scheduling is used is needed with consideration of potential time-domain ICIC techniques.
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