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1. Introduction

In TDD, multi-TTI uplink scheduling is possible to address uplink-heavy allocation and also to reduce control overhead.   This information is conveyed by the UL Index field of DCI Format 0, but signalling details and number of bits remain to be decided.  This contribution discusses details for multi-TTI uplink scheduling grant for TDD.
2. PDCCH Performance

The uplink scheduling grant is conveyed using DCI Format 0.  Figure 1 illustrates performance of the uplink grant with UL Index Field of length 0, 2, and 3 bits respectively.
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Figure 1.  Performance of DCI Format 0.
From the figure, the following observations may be drawn –

· With 1 CCE, performance degrades by approximately 0.8 dB at the 1% BLER operating point with the inclusion of the UL Index Field (2 or 3 bits).  However, with 2 CCEs or more, the degradation is small (0.2 dB at the most).  Note that the cell coverage for 1 CCE is approximately 45% for simulation cases 1 and 3 (see Figure 3).

· Performance difference between 2 and 3-bit UL Index Field is approximately 0.1 dB at the 1% BLER operating point.

3. Uplink Grant Signalling for TDD
From [1], seven uplink-downlink allocations as shown in Table 1 are supported.  In addition, it remains to be decided whether the eight and final configuration will be 5DL:3UL or 10DL:0UL.
Table 1.  Uplink-downlink allocations.

	Configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


From Table 1, it is seen that at most 3 consecutive uplink sub-frames are present in a radio frame.  For multi-TTI uplink scheduling, two main issues must be considered as follows.

· Support for Multi-TTI Scheduling: In [3], it is proposed that multi-TTI scheduling is only applicable to TDD configurations with asymmetrical assignment where UL > DL.  This means that multi-TTI scheduling will be supported only for Configuration 0 in Table 1.  However, multi-TTI scheduling is beneficial in reducing control overhead and can be used for distributing PDCCH loads in different downlink subframes.  In addition, from Figure 1 it is seen that when the multi-TTI scheduling grant is constructed from 2 or more CCEs, there is only a small performance degradation (less than 0.2 dB) to include the UL Index Field.  Therefore, it is proposed that multi-TTI scheduling is supported for all TDD uplink-downlink allocations.  In this case, the multi-TTI scheduling grant will apply to the next n uplink subframes after accounting for the UE processing time.  For example, with an n-bit bitmap, the n bits can schedule n upcoming uplink subframes.  It is then up to the scheduler to decide if it makes sense to use all n bits or not.  An example is shown in Figure 2 for Configuration 0.
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Figure 2.  Illustration of multi-TTI scheduling with 3ms processing time.
· Multi-TTI Scheduling Window Size: An analysis of the size of the multi-TTI scheduling window was shown in [3].   In the paper, the PDCCH saving gains for window size of 2-4 TTIs were shown and a window size of 2 TTIs was recommended.  However, as seen from Table 1, in two configurations, three consecutive uplink sub-frames are present in a radio frame.  For some downlink subframes, it would be beneficial to address three uplink sub-frames, especially since no additional uplink feedback is available. Furthermore, from Figure 1 it is seen that the performance difference between 2 and 3-bit field length is approximately 0.1 dB at the 1% BLER operating point.  Therefore, it is proposed that a 3-bit bitmap is used in the UL Index Field as shown in Table 2 below.  Note that the differences from this bitmap proposal with the duration of assignment proposal in [3] are the number of bits (3 versus 2) and the flexibility of one disjointed allocation as shown in the 101 bitmap field.
Table 2. UL Index Field.
	Bitmap
	Meaning

	000
	Reserved

	001
	Data is scheduled in 3rd uplink subframe

	010
	Data is scheduled in 2nd uplink subframe

	011
	Data is scheduled in 2nd and 3rd uplink subframes

	100
	Data is scheduled in 1st uplink subframe

	101
	Data is scheduled in 1st and 3rd uplink subframes

	110
	Data is scheduled in 1st and 2nd uplink subframes

	111
	Data is scheduled in 1st , 2nd and 3rd uplink subframes


· Bundling over multiple TTI:  Currently, multi-TTI scheduling is used to address uplink-heavy allocation and to reduce control overhead.  Each uplink subframe is independently coded with its own HARQ signalling.  However, similar to the bundling concept introduced to increase uplink coverage, coding over multiple TTI could also be introduced.  This can reduce segmentation overhead for small packets and also only one ACK/NACK will be required on the downlink.  Another possibility outlined in [5] is to replace multi-TTI scheduling with bundling where the number of bundled subframes is based on the uplink-downlink allocation.   This would eliminate the need for the UL Index field.
4. Conclusions
This contribution discusses details for multi-TTI uplink scheduling grant for TDD.  It is proposed that –

· Multi-TTI scheduling is supported for all TDD uplink-downlink allocations.
· A bitmap (3 bits) is used to indicate the uplink frames for which the grant is valid for multi-TTI uplink scheduling based on UE processing time.
5. References

1. 3GPP TS 36.211, Physical Channels and Modulation, v8.2.0, March 2008.
2. R1-080071, PHICH Resource Signaling for TDD & FDD, Motorola, RAN1#51bis, Sevilla, Spain, January 2008.
3. R1-080306, Way forward for LTE TDD Uplink Multi-TTI Scheduling, Nokia, Nokia Siemens Networks, RAN1#51bis, Sevilla, Spain, January 2008.
4. R1-080074, Downlink Control Signalling for TDD, Motorola, RAN1#51bis, Sevilla, Spain, January 2008.
5. R1-081285, PHICH/UL Grant Resource Assignment and Dimensioning for TDD, Motorola, RAN1#52bis, Shenzhen, China, March 2008.
[image: image3.wmf]-15

-10

-5

0

5

10

15

20

25

30

35

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C/I (dB)

CDF

C/I CDF - CF: 2GHz, Cases 1 & 3

Case 1

Case 3


Figure 3. C/I distribution.





























































































































































































































































