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1. Introduction

In RAN1#88, the UL scheduling timing for TDD config.1-5 with a minimum timing of n+3 has been agreed. And for TDD config.0 and 6, further down selection is needed.
Agreement:
· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is down-selected among the below alternatives. 
For TDD UL/DL configuration 0 and special subframe configuration (SSC) 0-10
	TDD UL/DL configuration 0
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	3/4
	3/6
	
	
	
	3/4
	3/6
	
	
	

	Option 2
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 3
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	

	Option 4
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 5
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	


· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
Note: The timings highlighted in red are only applicable to special subframe configuration 10
· For TDD UL/DL configuration 6 and special subframe configuration (SSC) 0-10
	TDD UL/DL configuration 6
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	4
	6
	
	
	
	3
	6
	
	
	4

	Option 2
	3/6
	3/6
	
	
	
	3
	5
	
	
	3

	Option 3
	3/4
	5/6
	
	
	
	3
	5
	
	
	3

	Option 4
	3/4 
	5/6 
	
	
	
	3 /6
	5/6 
	
	
	3/4 

	Option 5
	4
	5/6
	
	
	
	3
	5/6
	
	
	4

	Option 6
	3/6
	3/6
	
	
	
	3
	5
	
	
	3


· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 5: option 6 for SSC 0-10
Note: The timings highlighted in red are only applicable to special subframe configuration 10
In RAN1#88b, no further agreements about UL scheduling timing are reached. In this contribution, discussion about the above alternatives for TDD congfig.0 and 6 are made, and proposals for the down selection are made.
2. Discussion on scheduling timing design for PUSCH in UpPTS with reduced processing time 
2.1 Timing design for TDD UL/DL Configuration 0
The difference of different alternatives for TDD config.0 lies on whether separate tables are needed for different SSCs and whether the transmission order of PUSCHs should be the same with UL grants.
Alt. 1 and alt.2 offers separate tables for SSC 0-9 and 10, while the only difference compare to alt.3 and alt.4 is that UL grant of subframe #4 (or subframe#9) can happens in subframe#1 beside #0 (or in subframe #6 beside subframe#5). Scheduling time delay benefit only exists when the scheduling decision of PUSCH in subframe#4(subframe#9) happens later than subframe#0 (subframe#5) and earlier than subframe#1(subframe#6). Otherwise, the UL grants can be transmitted in subframe#0. Therefore, the scheduling delay benefit of separate tables for different SSCs is very limited at the expense of an extra timing table. For simplicity, a common timing table can be used regardless of special subframe configuration.
Proposal 1: Common scheduling timing design for PUSCH regardless of special subframe configuration is supported.
Then for alt.3 and 4, as analysed in [2], scheduling delay performance of alt.4 is better. Since alt.4 provides smaller delay for normal subframes when SSC0-9 are configured, and when SSC 10 are configured, the average scheduling delay of all the uplink processes including that in UpPTS are the same with alt.3. 
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Figure 1. Timing design alt.4 for TDD config.0
The problem raised about alt.4 is that a later PUSCH scheduling grant in subframe#1 than in subframe#0 schedules an earlier PUSCH transmission in subframe#4, as shown in figure.1. In current LTE design, the earlier the UL grant, the earlier the corresponding PUSCH transmission, and for PUSCH UL power control, the accumulation TPC command in one UL grant could be issued by eNB based on the TPC commands in earlier UL grants. See figure.2, according to current LTE power control principle, the PUSCH power control adjustment state for PUSCH2 is 
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And the PUSCH power control adjustment state for PUSCH1 in subframe i+2 is,
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Figure 2. accumulation TPC command explain option 1
The problem may exist when the eNB decide the accumulate power based on the timing of UL grant rather than the PUSCH transmission in later uplink subframes. However, we think this potential problem can be solved by eNB implemention. Since for uplink scheduling, most probably that eNB knows whether there will be both G1 and G2 scheduling or only one of them based on BSR. Then the eNB can carefully design the power control commend from the G1 and G2 in Fig.2, so as to ensure the right power control value of U2 and U1. Based on the above analysis, alt.4 is preferred considering its lower delay.
Proposal 2: For TDD UL/DL configuration 0, alt.4 is recommended.
2.3 Timing design for TDD UL/DL Configuration 6
Alternative 1 and 2 also define a separate timing, that is option 1 for SSC0-9. However, option 1 provides no latency reduction for the normal uplink subframes compares to any other alternatives, e.g. alt.3,4,5, that using a common timing for all SSCs. So a common timing design is preferred for implement simplicity.
Among the common timing design alternatives, alt.5 for TDD config.6 also has the same power control problem as alt.4 for config.0, as shown in figure.3, a later PUSCH scheduling grant in subframe#1 than in subframe#0 schedules an earlier PUSCH transmission in subframe#4. Again, we think the power control issue can be solved by eNB by implementation. Alt.5 has a better average scheduling delay than alt.4 regardless special subframe configurations, and also it is simpler than alt.3 from eNB implement and specification complexity point of view. In summary alt.5 is preferred considering scheduling delay and implement complexity.
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Figure 3. Timing design alt. 5 for TDD config.6
Proposal 3: For TDD config. 6, alt.5 is recommended.
3. Conclusions 
In this contribution, we provided the PUSCH scheduling timing relation design for TDD config.0 and 6, and propose:
Proposal 1: Common scheduling timing design for PUSCH regardless of special subframe configuration is supported. 
Proposal 2: For TDD UL/DL configuration 0, alt.4 is recommended. 

Proposal 3: For TDD UL/DL configuration 0, alt.5 is recommended
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