3GPP TSG RAN WG1 #68bis
        

              R1-121615
Jeju, Korea, Mar 26 – 30, 2012
Agenda item:
7.2.1.5
Source: 
Samsung 

Title: 



Cross subframe scheduling for TDD CA
Document for:
Discussion and Decision
1 Introduction

In RAN1 #67, PDSCH/PUSCH scheduling timings in CA with different TDD UL-DL subframe configurations were agreed as follows [1]. 
· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling, if cross-carrier scheduling is supported 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
As per the above agreement on PDSCH cross-carrier scheduling, this contribution further discusses the need for multi-TTI/cross-subframe scheduling. 
2 Multi-TTI/cross-subframe scheduling of PDSCH
As shown in Figure 1, in case that scheduling cell has more UL than scheduled cell, the subframes of scheduled cell with the same direction as those of scheduling cell can be easily cross-carrier scheduled following the principle in Rel-8/9/10 that DL assignment is in the same suframe as PDSCH, however for the DL subframes of scheduled cell with the different direction from those of scheduling cell cannot be cross-carrier scheduled if just with Rel-8/9/10 principle. For example, the subframe #3 on the SCell cannot be cross-scheduled in subframe #3 by Pcell according to the Rel-8/9/10 timing, since the subframe #3 on the PCell is a UL subframe. If cross-carrier scheduling for subframe #3 of Scell should be supported, then multi-TTI/cross-subframe scheduling is needed.
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Fig. 1. Timing issue for DL cross-carrier scheduling (UL-heavier carrier as the PCell)
It was argued in previous meetings that only a limited usage of cross-carrier scheduling is supported by the standard by leaving non-schedulable DL subframes on SCell unusable for the CA UE. This option may require less standardization efforts, but the UE DL peak data rate is sacrificed. Such a limitation may weaken the benefit/motivation of inter-band CA of TDD carriers with different TDD configurations and/or cross-carrier scheduling. Assuming PCell is configured with UL-DL configuration 1 and SCells are configured with UL-DL configuration 2, Table 1 gives the numeral calculation of peak data rate reduction for different number of aggregated component carriers when multi-TTI/cross-subframe scheduling is not allowed. In Table 1, we can see that leaving some of the DL resources on scheduled cells unusable obviously reduces the peak data rate of TDD CA UEs.
Table 1. Peak data rate reduction without multi-TTI/cross-subframe scheduling
	Number of aggregated CCs
	PCC UL-DL Configuration
	SCC UL-DL Configuration
	Peak data rate reduction
(number of DL subframes that cannot be scheduled / the total number of DL subframes)

	2
	1
	SCC1=2
	2/14=14.28%

	3
	1
	SCC1=SCC2=2
	4/22=18.18%

	4
	1
	SCC1=SCC2=SCC3=2
	6/30=20%

	5
	1
	SCC1=SCC2=SCC3= SCC4=2
	8/38=21%


The results shown in figure 1 are just some examples. If the scheduling cell is with a more UL heavy configuration, i.e. TDD configuration 0, the reduction of the peak data rate of CA UEs would be more severe. Table 2 gives the peak data rate reduction for different combinations of UL-DL configuration between PCell and SCell. The first line indicates the UL-DL configuration of PCell and the first row indicates the UL-DL configuration of SCell. Peak data rate reduction is the ratio of number of DL subframes that cannot be scheduled to the total number of DL subframes. It is shown in Table 2 that most of combinations have the DL subfames that cannot be scheduled if multi-TTI/cross-subframe isn’t supported. For these combinations, the peak data rate reduction is changed from 5.9% to 38.3%.
Table 2. Peak data rate reduction for different combination of UL-DL configuration
	
	Pell=#0
	Pell=#1
	Pell=#2
	Pell=#3
	Pell=#4
	Pell=#5
	Pell=#6

	SCell=#0
	
	0
	0
	0
	0
	0
	0

	SCell=#1
	2/10=20%
	
	0
	1/13=7.7%
	0
	0
	1/11=9.1%

	SCell=#2
	4/12=33.3%
	2/14=14.3%
	
	2/15=13.3%
	1/16=6.3%
	0
	3/13=23.1%

	SCell=#3
	3/11=27.3%
	2/13=15.4%
	1/15=6.7%
	
	0
	0
	2/12=16.7%

	SCell=#4
	4/12=33.3%
	2/14=14.3%
	1/16=6.3%
	1/15=6.7%
	
	0
	3/13=23.1%

	SCell=#5
	5/13=38.5%
	3/15=20%
	1/17=5.9%
	2/16=12.5%
	1/17=5.9%
	
	4/14=28.6%

	SCell=#6
	1/9=11.1%
	0
	0
	0
	0
	0
	


In a femto cell, the number of UEs is limited and due to the small coverage of femto cell, all of the UEs are possible to have the same channel condition. So it is possible that all of the UEs are to be cross-carrier scheduled, in which case, if multi-TTI/cross-subframe isn’t supported, SCell resource efficiency will be lost. Table 3 gives the performance analysis on SCell resource efficiency for different combinations of UL-DL configuration between PCell and SCell. SCell resource efficiency loss is calculated by the ratio of number of DL subframes that cannot be scheduled to the number of SCell DL subframes. It can be observed that from the perspective of SCell, the efficiency loss can be more than 50%.
Table 3. SCell resource efficiency loss for different combination of UL-DL configuration
	
	Pell=#0
	Pell=#1
	Pell=#2
	Pell=#3
	Pell=#4
	Pell=#5
	Pell=#6

	SCell=#0
	
	0
	0
	0
	0
	0
	0

	SCell=#1
	2/6=33.3%
	
	0
	1/6=16.7%
	0
	0
	1/6=16.7%

	SCell=#2
	4/8=50%
	2/8=25%
	
	2/8=25%
	1/8=12.5%
	0
	3/8=37.5%

	SCell=#3
	3/7=42.8%
	2/7=28.6%
	1/7=14.3%
	
	0
	0
	2/7=28.6%

	SCell=#4
	4/8=50%
	2/8=25%
	1/8=12.5%
	1/8=12.5%
	
	0
	3/8=37.5%

	SCell=#5
	5/9=55.6%
	3/9=33/3%
	1/9=11.1%
	2/9=22.2%
	1/9=11.1%
	
	4/9=44.4%

	SCell=#6
	1/5=20%
	0
	0
	0
	0
	0
	


With multi-TTI/cross-subframe scheduling, the DL resource can be fully utilized to maximize the UE DL peak data rate, but the issue of standard effort and implementation complexity should  be considered when designing the multi-TTI/cross-subframe scheduling scheme.  Some solutions which are similar to the UL_index as a field in UL grant for UL-DL configuration 0 in Rel-8 can be considered. The details can be FFS.
From the above analysis and discussions, we have the following proposal:
Proposal: When the overlapped subframe on the multi-TTI/cross-scheduling carrier is a UL subframe for CA with different TDD UL-DL subframe configurations, multi-TTI/cross-subframe DL scheduling should be supported to maximize the peak data rate for different TDD configuration combination for inter-band CA TDD.
3 Conclusions
In this contribution, performance loss without multi-TTI/cross-subframe DL scheduling are analysed and discussed for CA with different TDD UL-DL subframe configurations. From the analysis and discussions, we have the following proposal
Proposal: When the overlapped subframe on the multi-TTI/cross-scheduling carrier is a UL subframe for CA with different TDD UL-DL subframe configurations, multi-TTI/cross-subframe DL scheduling should be supported to maximize the peak data rate for different TDD configuration combination for inter-band CA TDD.
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