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1. Introduction
In RAN2#60bis meeting, we have proposed the multiple patterns for UL semi-persistent scheduling in TDD. And simulation results in [2] show the benefit of this method. This contribution discusses how to configure the multiple patterns for UL semi-persistent scheduling in detail so that multiple patterns can be implemented in practice. And we try to use the same method to configure UL semi-persistent scheduling for both single pattern and multiple patterns if needed.
2. Discussion

2.1 Multiple patterns
The aim of multiple patterns is to avoid the collisions in uplink semi-persistent scheduling, especially in TDD, due to the 10ms HARQ RTT and 20ms data packet arrival interval. In that case, the second retransmission of previous packet will collide with the initial transmission of next packet. The solution of multiple patterns is shown in Fig 1.
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Fig 1 The multiple patterns to solve the collisions

2.2 Configuration of single pattern

It has been agreed to configure time interval via RRC signalling and control semi-persistent scheduling via PDCCH for Semi-Persistent Scheduling (SPS).
Taking UL VoIP scheduling as example, RRC signalling indicates the time interval is 20ms and one PDCCH configures the persistent resources at the start point of persistent scheduling as shown in Fig 2.
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Fig 2 Configuration of single pattern

2.3 Configuration of multiple patterns

It is suitable to configure multiple patterns via RRC signaling and PDCCH as the single pattern. There are three options to implement the configuration.
Option 1: RRC signaling sets detail information of multiple patterns and only one PDCCH configures the persistent resources at the start point of persistent scheduling.
We assume UL: DL=2:2 as shown in Fig 3, i.e., subframe 0, 4, 5 and 9 are downlink subframes and subframe 2, 3, 7, 8 are uplink subframes. In this UL/DL allocation, the intervals between two consecutive initial transmissions are 21ms, 19ms, 21ms, 19ms …interleaved. And the order of intervals depends on the start point of persistent resource, as shown in table 1.
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Fig 3 An example of multiple patterns
Table 1 Relation between start points and intervals order
	index
	Start point of persistent scheduling
	the order of intervals

	1
	Subframe 2, 7
	21, 19, 21, 19……

	2
	Subframe 3, 8
	19, 21,19, 21,…….


There are two alternatives for the information involved in RRC signalling.

Alternative 1
To provide entirely flexibility at scheduling, all the information in table 1 should be include in RRC signalling to notice UE. And the start point of SPS is decided by PDCCH only. For example, if PDCCH indicates implicitly the start point of persistent scheduling at subframe 2, UE will obtain the time interval as 21, 19 … in turn by looking up table 1.
Pro: SPS can start at any UL subframe after receiving RRC signalling.
Con: RRC signalling includes a lot of information.
Alternative 2
In alternative 2 only one row in table 1, i.e., information related to index 1 or index 2, is included in RRC signalling. So the start point of SPS is limited by RRC signalling. For example, if RRC signalling notices UE the index 1, PDCCH for SPS can only start the SPS resources at subframe 2 or 7, and time intervals is 21, 19, …interleaved.

Pro: RRC signalling includes less information than alternative 1.
Con: the scheduling flexibility is limited.
The process of configuring multiple patterns with option 1 is shown in Fig 4. 
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Fig 4 Configure multiple patterns with option 1
Option 2: RRC signaling sets one interval together with pattern mode and one or two PDCCHs are used to configure single or multiple patterns.
Pattern mode field indicates single pattern or multiple patterns. There is 1 PDCCH in single pattern and there are 2 PDCCHs in multiple patterns.
The process of configuring multiple patterns with option 2 is shown in Fig 5.
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Fig 5 Configure multiple patterns with option 2
Option 3: RRC signaling sets one interval and two PDCCHs are used to configure persistent scheduling resources.
The process of configuring multiple patterns with option 3 is shown in Fig 6.
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Fig 6 Configure multiple patterns with option 3
In option 3, there is no “pattern mode” included in RRC singling. So we can’t distinguish single pattern or multiple patterns. However, we can look single pattern as a special application of multiple patterns. The process of configuring single pattern with option 3 is shown in Fig 7.
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Fig 7 Configure single pattern with option 3

Comparisons:

	
	Option1
	Option2
	Option3

	RRC signaling
	Interval and detail information
	Interval and pattern mode
	Interval

	PDCCH
	1
	1 or 2
	2


· The process of option 1 is the same as that of configuration of single pattern. But the information included in RRC signalling will be complex and the flexibility is limited.
· The benefits of option 2 are following:

1) It can be used to configure single pattern too. When we need to configure single pattern SPS, pattern mode should be “single” and one PDCCH should be used to allocate persistent resources.

2) Only one parameter is added in RRC signalling, i.e. pattern mode, which needs 1 bit based on current discussion.

3) It has enough flexibility and isn't limited by UL/DL allocation.

· The benefits of option 3 are following:
1) It can be used to configure single pattern too. In this option, single pattern can be looked as a special application.

2) It needn’t add any parameter in RRC signalling.
3) It has enough flexibility and isn't limited by UL/DL allocation.

4) can reduce the probability of false positive to an acceptable level is to send the persistent UL grant on PDCCH twice.
· The shortage of option 3 is that it needs 2 PDCCHs always.
3. Conclusion
We discuss the methods to configure multiple patterns for semi-persistent scheduling in this contribution. Compared above 3 options, the 2nd one is our preference. So we propose that configure UL semi-persistent scheduling with option 2.
1) Configure semi-persistent scheduling with RRC signaling and 1 or 2 PDCCHs.

2) RRC signaling sets one time interval and pattern mode. The number of PDCCHs is decided by pattern mode, 1 PDCCH for single pattern and 2 PDCCHs for multiple patterns
3) PDCCHs configure the persistent resources at the first several (1 or 2) persistent scheduling packets.
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6.3.2
Radio resource control information elements

–
TransportChannelConfiguration
The IE TransportChannelConfiguration is used to specify the transport channel configuration for data radio bearers.

TransportChannelConfiguration information element
-- ASN1START

TransportChannelConfiguration ::=
SEQUENCE {


dl-SCH-Configuration



SEQUENCE {



semiPersistSchedIntervalDL


INTEGER (0)

OPTIONAL


 -- type, range FFS

}

OPTIONAL,


ul-SCH-Configuration



SEQUENCE {



maxHARQ-Tx






INTEGER (0)

OPTIONAL,
  -- Cond ConnSU, range FFS


semiPersistSchedIntervalUL


INTEGER (0)

OPTIONAL,


 -- type, range FFS
          semiPersistSchedPatternModeUL

INTEGER (0)


OPTIONAL,


 -- type, range FFS


periodicBSR-Timer




INTEGER (0)





-- need, type, range FFS

}

OPTIONAL,


drx-Configuration




SEQUENCE {



drx-StartOffset





INTEGER (0),




   -- type,range FFS



onDurationTimer





INTEGER (0)

DEFAULT 0, 
-- type,range,default FFS


drx-InactivityTimer




INTEGER (0)

DEFAULT 0, 
-- type,range,default FFS


drx-RetransmissionTimer



INTEGER (0)

DEFAULT 0, 
-- type,range,default FFS


longDRX-Cycle





INTEGER (0)

DEFAULT 0, 
-- type,range,default FFS


shortDRX






SEQUENCE {




shortDRX-Cycle





INTEGER (0)
DEFAULT 0, 
-- type,range,default FFS



drxShortCycleTimer




INTEGER (0)
DEFAULT 0 
-- type,range,default FFS


}

OPTIONAL


}

OPTIONAL,


timeAlignmentTimer





INTEGER (0)

DEFAULT 0  -- type,range,default FFS 

}

-- ASN1STOP

	TransportChannelConfiguration field descriptions

	maxHARQ-Tx

Parameter: max-HARQ-Tx [36.321].

If absent in the RRCConnectionSetup message, the default value as defined in 9.2.1.1 applies.

	semiPersistSchedIntervalDL

Semi-persistent scheduling interval in downlink. Value in number of TTI (sub-frames).

	semiPersistSchedIntervalUL

Semi-persistent scheduling interval in uplink. Value in number of TTI (sub-frames).

	semiPersistSchedPatternModeUL
Semi-persistent scheduling pattern mode in uplink, the default value is [FFS].

	periodicBSR-Timer

Parameter: PERIODIC_BSR_TIMER [36.321]. Value in number of TTI (sub-frames).

	drx-StartOffset

Parameter: DRX Start Offset [36.321]. Value in number of sub-frames. In TDD, this can point to a DL or UL sub-frame

	onDurationTimer

Parameter: On Duration Timer [36.321]. Value in number of PDCCH sub-frames. Default value is [FFS].

	drx-InactivityTimer

Parameter: DRX Inactivity Timer [36.321]. Value in number of PDCCH sub-frames. Default value is [FFS].

	drx-RetransmissionTimer

Parameter: DRX Retransmission Timer [36.321]. Value in number of PDCCH sub-frames. Default value is [FFS].

	longDRX-Cycle

Long DRX cycle in [36.321]. Value in [FFS]. Default value is [FFS].

	shortDRX-Cycle

Short DRX cycle in [36.321]. Value in [FFS]. Default value is [FFS].

	drxShortCycleTimer

Parameter: DRX Short Cycle Timer [36.321]. Value in [FFS]. Default value is [FFS].

	timeAlignmentTimer

Parameter: Time Alignment Timer [36.321]. Value in [FFS]. Default value is [FFS].
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