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Discussion and Decision
1 Introduction

The use of persistent scheduling is being discussed in the RAN WGs [1] [2]. In this contribution, we propose our view on the principle of persistent scheduling. Note that we focus on the persistent scheduling in the DL for this document.
2 Discussion
2.1 Motivation for persistent scheduling
The objective to have persistent scheduling is to reduce L1/L2 control channel overhead especially for VoIP traffic. Therefore, we first evaluate how many L1/L2 control channels will fit within a sub-frame
2.1.1 Optimum channel coding rate for the L1/L2 control channel
[3] has investigated the optimum combination of the channel coding rate and repetition factor for the L1/L2 control channel in the downlink. Conclusions are summarized as follows:
The optimum channel coding rate for the downlink L1/L2 control channel using tail-biting convolutional code is approximately 1/6. By using rate-1/6 channel coding an additional 0.5-dB coding gain is achieved comparing to the rate-1/3 coding.
Repetition (spreading) is necessary to achieve sufficient coverage in a multi-cell with one-cell frequency reuse. For the range of ISD from 500 m to 1732 m, the repetition factor of 2 to 3 is necessary in addition to the channel coding rate of 1/6 for achieving average BLER lower than 10-2 for the location probability of 95%
So the estimate in the next sub-clause is based on coding rate = 1/6 and repetition factor = 2.
Note: This evaluation results assume the worst situation (i.e., all the UEs are located in the cell edge).
2.1.2 Estimation of the possible number of L1/L2 control channels
If we suppose 10 MHz bandwidth (i.e. 600 sub-carriers) and QPSK modulation, the number of information bits that can be carried in one OFDM symbol is simply calculated as follows:
600 (sub-carrier) x 2 (QPSK) x 1/6 (R) / 2 (repetition) = 100 bits

The required number of bits for the category 1 DL scheduling information is assumed to be 27bits per UE in [3]. (Note that the category 2 and 3 DL scheduling information is mapped onto a part of the assigned resource block(s) as dedicated L1/L2 control information in our proposal [4], and therefore not considered here.) With this assumption, only four L1/L2 control channels can be sent in a subframe even for a 10MHz bandwidth cell, if we assume that only one OFDM symbol per subframe is allocated for the L1/L2 control channels. In addition to this, if we consider the transmission of UL scheduling grants, this number would decrease further.
Of course, it is possible to increase this number by employing higher coding rate and power balancing between UEs according to their distances from the eNodeB and/or by using another OFDM symbol in a sub-frame for the L1/L2 control channel. However it wouldn’t increase the number dramatically.
Conclusion: It is highly important to reduce the L1/L2 control channel overhead to handle low rate (and/or small packet size) traffic.
2.1.3 Solutions for overhead reduction
The following solutions can be considered in order to reduce L1/L2 control channel overhead.
1) Support of persistent scheduling at least for VoIP traffic
2) Support of (semi-static) variable TTI length control.

3) Reducing category 1 information from the L1/L2 control channel as much as possible:

- E.g. Semi-static TTI length control by RRC instead of dynamic TTI length control

- E.g. Masking UE ID onto a UE specific CRC and mapping this into category 2/3 info
The rest of this contribution focuses on the control principle of persistent scheduling. The support of variable TTI length control is discussed in another contribution [5]. Reducing category 1 information is left for discussion in RAN1.
2.2 Principle of persistent scheduling

Persistent scheduling is mainly aimed for services requiring periodic resource allocations and with small data size such as VoIP. The following sub-sections address how the control of persistent scheduling should be performed.
2.2.1 Parameter configuration

In this sub-section, we clarify the principles of the parameter configuration required for persistent scheduling.
Clarification of the control parameters
At least the following control parameters seem to be necessary for persistent scheduling. They are categorized into two groups depending on the possibility of parameter re-configuration:

1) Parameters which should not be re-configured throughout the radio bearer connection (i.e. static control parameters):

- Allocation interval for periodical resource allocation (e.g. N x 10 ms frame length)
- HARQ and ARQ parameters applied for persistent scheduling
- Allocation duration (TTI)

2) Parameters which should be re-configured during a radio bearer connection (i.e. semi-static control parameters):
- Resource block assignment
- Transport format (or MCS) for the support of slow AMC.
Clarification of the control entity for the parameter configuration
It is necessary to clarify which control entity (i.e. MAC or RRC) handles the (re-)configuration of the respective parameters for persistent scheduling from the viewpoint of reliability and frequency of the signaling.
As for the static parameters, it should be configured and signaled by RRC when a radio bearer is established.
On the other hand, the control entity for the semi-static control parameters need further study. There are several options:
Option 1: Signal the reconfigured parameters by L1/L2 control channel
Option 2: Signal the reconfigured parameters by RRC. 
Option 3: Use blind detection. 
At present, it is FFS which option is preferable, but we need to consider the signaling reliability, reconfiguration frequency, and increase of control complexity for its decision.
Proposal 1a: Static parameters should be configured by RRC.
Proposal 1b: Semi-static parameters can be reconfigured by L1/L2 control channel and/or RRC. (FFS)
2.2.2 Activation / deactivation control
In this sub-section, we discuss the activation / deactivation of persistent scheduling. We show the possible triggers for activating / deactivating the persistent scheduling.

1) For the radio bearer carrying VoIP traffic


- Radio bearer setup / release

2) For the radio bearer carrying non-VoIP traffic (if necessary)

- Increase / decrease of L1/L2 control channel error rate (E.g. due to the increased / decreased UE velocity and/or UE moving towards cell edge / center)
As for the control signalling, we propose that activation / deactivation should be done by the RRC due to less frequent event occasion and its reliability.
Proposal 2: Activation / deactivation control for persistent scheduling should be done by the RRC
2.2.3 HARQ scheme (synchronous vs. asynchronous)
It is also important to clarify which HARQ scheme (i.e., synchronous or asynchronous HARQ) should be supported for the persistently scheduled radio bearer. Pros and cons of the respective HARQ scheme are summarized as follows:
1) Synchronous HARQ

Pros:

- Less signaling over head (L1/L2 control channel)

- More efficient DRX than Async. HARQ

Cons
- Possibility of collision with other transport channels (e.g., BCH/ MCH/ DL-SCH with longer TTI).

- Less flexible due to limited retransmission timing
2) Asynchronous HARQ
Pros

- Possible to avoid the collision
- Can align DL HARQ operation for dynamic and persistent scheduling to asynchrounous HARQ
Cons

- L1/L2 control channel is necessary.

- Less efficient DRX

Though it is inferior to asynchronous HARQ by the viewpoint of flexibility, synchronous HARQ is preferable for persistently scheduled radio bearers since the main objective of persistent scheduling is to reduce L1/L2 control channel overhead.
Proposal 3: Synchronous HARQ is preferable for the persistently scheduled radio bearer
2.2.4 Combination of persistent scheduling and dynamic resource allocation
When handling VoIP with persistent scheduling, it is assumed that the transport format is selected based on the packet size after header compression for efficient resource allocation. Therefore, how to handle data not dimensioned for the persistent allocation (e.g. uncompressed RTP packet), or to handle data from other radio bearer (e.g. DCCH) must be considered.
We propose that excessive data that cannot be handled by the persistent resources be handled by dynamic resource allocation. In other words, excessive data can be transmitted over additional shared data channel dynamically allocated using the L1/L2 control channel. The occurrence of such excessive data would be infrequent, and it is thought that the increased L1/L2 overhead will be limited.

In addition, it may be useful to restrict dynamic scheduling subframes to subframes adjacent to persistent scheduling subframes for UE battery saving. For instance, the RRC may notify UE at connection setup that the timing of dynamic resource allocation to the UE is limited to N subframes before and after the persistent scheduled timing. 
Proposal 4a: Combination of persistent and dynamic resource allocation should be considered.
Proposal 4b: Timing for dynamic resource allocation should be associated with timing for persistent allocation to save battery consumption of UEs.
2.2.5 AMC and TPC for persistent scheduling
Slow AMC and TPC for persistent scheduling radio bearers may improve system capacity. Potential benefits of slow AMC for the persistent scheduling radio bearers can be achieved by reducing the number of resource blocks (i.e. less coding protection) for persistently allocated users when the channel condition is good (i.e. semi-static reconfiguration of resource blocks can be applied with slow AMC). We discuss the control principle of this slow AMC for persistent scheduling in this sub-section. 
AMC for persistent scheduling
In the slow AMC, MCS can be switched slowly (e.g. every several 100 msec or much longer interval). Moreover, we assume the following implications.
- The slow AMC interval can be configured by RRC.

- Either L1/L2 control channel or RRC signalling can be used to indicate the re-allocated radio resource information (including resource blocks and transport format) only at this interval. (It is FFS which signalling scheme should be supported.)
CQI report during persistent scheduling
Ability of efficient CQI reporting for slow AMC is necessary. Therefore, the following should be considered.
- CQI reporting at subframes adjacent to persistent allocation timing.
- CQI multiplexed with Ack/Nack of DL-HARQ or UL-SCH.
- Reporting interval configured by RRC.
Transmission power control in conjunction with AMC
Transmission power control (i.e., power balancing between resource blocks) is also need to be considered in order to avoid frequent transport format reconfiguration.
Proposal 5: The slow AMC and TPC for persistently scheduled resource allocation should be considered.
3
Proposal
We propose to include the agreeable parts of the discussion for persistent scheduling in chapter 2 to the MAC specification.
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