Page 8
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #87                 

                R1-1612177
Reno, USA 14th - 18th November 2016
Source: 
CMCC
Title:
TDD UL scheduling timing for PUSCH on UpPTS with processing time 
reduction of 1ms TTI
Agenda item:
6.2.10.1
Document for:  Discussion & Decision
1. Introduction

In RAN1#86, the following agreements about shortened processing timing for 1ms TTI are made [1]:
Agreement:

· For FS1, 2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 
· For FS2, new DL HARQ and UL scheduling timing relations will be defined
· Details FFS
In the Uplink Capacity Enhancements WI, it has been agreed that a new special subframe configuration 10 will be introduced, and the scheduling time with normal processing time has been agreed.
Agreement:

· Support a new special subframe configuration 10 as in the following table, with 6 DL symbols of NCP in DwPTS, together with 6 symbols of NCP in UpPTS or with 5 symbols of ECP in UpPTS
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For the specification of reduced processing for TDD, it is not only required to specify the processing time reduction for PUSCH in normal uplink subframe, but also needed to consider the enhancement for scheduling of PUSCH in UpPTS. In this contribution, the scheduling timing based on a minimum timing n+3 for UL grant to PUSCH in UpPTS is discussed and designed.
2. Discussion on scheduling timing design for PUSCH in UpPTS with reduced processing time 
Since PHICH-less asynchronous HARQ for UL is agreed for 1 ms TTI with shortened processing time, only UL scheduling timing for PUSCH transmission needs to be specified. One design principle is to keep minimum delay from UL grant to the corresponding PUSCH. At the same time, the UL grants for PUSCH of different UL subframes shall be distributed on as many subframes as possible to balance control overhead.
Different Uplink-downlink configurations for TDD systems should be considered, and the 7 Uplink-downlink configurations for LTE are given in Table 1.
Table 1: Uplink-downlink configurations for LTE TDD FS2
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Uplink-downlink  



configuration 



Downlink-to-Uplink  



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



 










Uplink-downlink  

configuration 

Downlink-to-Uplink  

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

 

 
From the table, we can see that for TDD UL/DL configuration 0 and 6, if UpPTS supports PUSCH transmission, the number of downlink subframes will be less than number of uplink subframes. Therefore, some downlink subframes need to carry UL grant of more than one uplink subframes. While for TDD UL/DL configuration 1~5, there are more downlink subframes than uplink subframes, thus one PUSCH can always correspond to a unique UL grant in a downlink subframe. Therefore, in the following, we will separately provide the timing design for TDD UL/DL configuration 1-5, and for TDD UL/DL configuration 0 and TDD UL/DL configuration 6.

2.1 Timing design for TDD Configuration 1~5

For TDD configuration 1~5, since enough DL subframes are available for UL grant transmission, a unique DL subframe that satisfy the design principle can be found. In the following, the timing from UL grant to the corresponding PUSCH will be given. Specifically, the k values are given. The UE shall upon detection of a PDCCH with DCI format 0/4 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k.
The detail scheduling timings for TDD config.1~5 are given in figure.1.
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(a). TDD UL/ DL configuration 1
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(b). TDD UL/ DL configuration 2
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(c). TDD UL/ DL configuration 3
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(d). TDD UL/ DL configuration 4
[image: image7.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D S U D D D D D D D D S U D D D D D D D

0 0 0 0

0 g 0 g


(e). TDD UL/ DL configuration 5

Figure 1. UL grant timing for PUSCH transmission of different TDD UL/DL configurations
According to designed timing in figure.1, k values for TDD configuration 1~5 are listed in the following table 2, where the values that appear in red in Table 2 denote k for PUSCH on UpPTS.
Table 2: k for TDD configurations 1~5 with minimum delay n+3
	TDD UL/DL
	DL subframe number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	3
	5
	　
	　
	3
	3
	5　
	　
	　
	3

	2
	　
	　
	　
	　3
	3
	　
	　
	　
	3　
	3

	3
	3
	3
	　
	　
	　
	　
	　
	　
	3　
	3

	4
	3
	　
	　
	　
	　
	　
	　
	　
	3　
	3

	5
	
	
	　
	
	
	
	
	　
	3　
	3


Proposal 1: It is recommended to specify the scheduling timing for PUSCH with n+3 processing time according to Table2 for TDD configuration 1~5.

2.2 Timing design for TDD Configuration 0
For TDD config.0, some downlink subframes may transmit UL grant for more than one uplink subframes. It can be seen from figure.2 that subframe#0 and #1  need to carry four UL grants corresponding to PUSCH on subframe#3,#4,#6 and #7, and the same happens for subframe#5 and #6. According to the design principle of balancing control overhead, it is preferred that each of these four DL subframes, namely subframe#0, #1, #5, #6 carries two UL grants. 
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Figure 2. Timing design for TDD config.0
When allocates four UL grants to two DL subframes, there are two different options:

· Option1: PUSCH transmissions on normal UL subframes and UpPTS are treated equally to satisfy the above design principle, which means the earlier the PUSCH transmission happens, the earlier its UL grant locates. The corresponding timing is shown in figure.3, UL grants of four uplink subframe are distributed into two downlink subframes according to their subframe timing order, where subframe#3 and 4 are scheduled by downlink subframe#0, subframe#6 and 7 are scheduled by downlink subframe#1, subframe#8 and 9 are scheduled by downlink subframe#5, and subframe#1 and 2 are scheduled by downlink subframe#6.
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Figure 3. Timing design option 1 for TDD config.0
Corresponding k values are shown in table.3.
Table 3: k for TDD configurations 0 with minimum delay n+3, option 1
	TDD UL/DL
	DL subframe number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3,4
	5,6
	　
	　
	　
	3,4
	5, 6
	　
	　
	　


· Option2: Firstly design PUSCH transmissions on normal UL subframes to satisfy minimum delay of UL grant to the corresponding PUSCH on normal UL subframe, then design the scheduling timing for PUSCH on UpPTS. Timing design using option 2 are given in figure 4. Although PUSCH transmission on subframe#4 is earlier than PUSCH on subframe#6, the UL grants of subframe#4 is later than that of PUSCH on UpPTS of subframe#6, to minimize the scheduling delay of normal UL subframe#4.
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Figure 4. Timing design option 2 for TDD config.0
Corresponding k values are shown in table.4.

Table 4: k for TDD configurations 0 with minimum delay n+3, option 2
	TDD UL/DL
	DL subframe number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3,6
	3,6
	　
	　
	　
	3,6
	3,6
	　
	　
	　


It can be seen from table 3 and 4 that when all UL processes including PUSCH on UpPTS are available, the average scheduling delay are the same for option 1 and 2. Since PUSCH transmission on UpPTS only appears when special subframe configuration 10 is configured, option 2 can ensure smaller delay for normal subframes when special subframe configurations other than 10 are configured. Based on the above analysis, in order to ensure low latency performance for PUSCH transmitted on normal UL subframe, Option 2 is preferred.
2.3 Timing design for TDD Configuration 6
Similar to TDD config.0, uplink scheduling timing design option 1 and option 2 will result in different timing, as shown in figure 5 and figure.6.
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Figure 5. Timing design option 1 for TDD config.6
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Figure 6. Timing design option 1 for TDD config.6

Corresponding k values for TDD config.6 with minimum delay n+3 using design methods option1 and 2 are given in table 5 and 6.

Table 5: k for TDD configurations 6 with minimum delay n+3, option 1
	TDD UL/DL
	DL subframe number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	4
	6，5
	
	
	
	3
	6，5
	
	
	4


Table 6: k for TDD configurations 6 with minimum delay n+3, option 2
	TDD UL/DL
	DL subframe number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	3,6
	3,6
	
	
	
	3
	5
	
	
	3


Considering that the averaging scheduling delay of option 2 is smaller than option 1, no matter PUSCH transmission on UpPTS is available or not, the design based on option 2 is preferred.
Proposal 2: When UL grant for more than one uplink subframes are transmitted in the same DL subframe, UL scheduling timing design option2 are preferred, which means to firstly design PUSCH transmissions on normal UL subframes to satisfy minimum delay of UL grant to the corresponding PUSCH on normal UL subframe, then design the scheduling timing for PUSCH on UpPTS. 
Proposal 3: For TDD config. 0 and config. 6, it is recommended to specify the scheduling timing according to Table 4 and Table 6, respectively.
3. Conclusions 
In this contribution, we provided the timing relation design for PUSCH in UpPTS and propose:
Proposal 1: It is recommended to specify the scheduling timing according to Table2 for TDD configuration 1~5. 
Proposal 2: When UL grant for more than one uplink subframes are transmitted in the same DL subframe, UL scheduling timing design option2 are preferred, which means to firstly design PUSCH transmissions on normal UL subframes to satisfy minimum delay of UL grant to the corresponding PUSCH on normal UL subframe, then design the scheduling timing for PUSCH on UpPTS. 

Proposal 3: For TDD config. 0 and config. 6, it is recommended to specify the scheduling timing according to Table 4 and Table 6, respectively.
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