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1 Introduction

Multiple DL CCs and UL CCs in the carrier aggregation casts an issue of linking between DL and UL. Indeed there are many types of linking that may need to be defined explicitly in REL-10. 
· Linkage for HARQ feedback

· Linkage for random access

· Linkage for UL scheduling

· Linkage for pathloss estimation

· Linkage for UL power control
· Linkage for timing reference for uplink transmission
In fact, all the linkages listed above are not something new but having existed since REL-8. However in one DL- one UL system, there is no need to configure the linkage individually because the linkages are based on the one broadcasted in SIB 2. In general, SIB 2 linkage is the most natural one. It is in line with the frequency band planning, and some operating parameters (e.g. parameters for PUSCH/PUCCH power setting..) are optimized based on this linkage. Hence, SIB 2 linkage should be the baseline for carrier aggregation for REL-10 unless significant motivation is found. It should be noted that using SIB 2 linkage doesn’t mean that UE is required to receive SIB 2 in the concerned CC to find out the linkage. The linkage information will be in general delivered in dedicate signaling. Thus that SIB 2 linkage is the baseline means that any additional effort to optimize non-SIB2 linkage will not made unless proven very useful. 
This contribution discuss linkages in conjunction with carrier aggregation. Note that HARQ feedback linkage has already settled down in RAN 1. There seems no remaining issue on this linkage for RAN 2 in signaling point of view. The contribution discusses other linkages.
2 Discussion
Linkage for Uplink Scheduling
There are two cases to be considered. If CIF is present, the linkage between the DL CC where grant is received and the UL CC where PUSCH transmission takes place is indicated by CIF itself. In theory, full meshed linking is possible if CIF is configured. If full mesh linking is used, i.e. any DL CC schedules any UL CCs, no further signaling support is required. However, the recent RAN 1 decision is that full meshed linking is not permitted. Instead a certain DL CC can schedule only limited set of UL CCs which should be signalled in RRC level. Hence, RRC should configure the mapping between CIF and the DL CC as well.  
Proposal 1
If CIF is configured for a DL CC, the linking information w.r.t which PUSCH CCs and which PDSCH 




CCs could be scheduled 
from the DL CC are configured by dedicated RRC signaling. 

Proposal 
2
The mapping between CIF and PDSCH CC and PUSCH CC are configured by dedicated RRC signaling
If CIF is not present, one DL CC schedule only one UL CC. The linkage would probably be SIB 2 linkage.
Proposal 3
If CIF is not configured for a DL CC, the linking information w.r.t which PUSCH CC could be scheduled 




from the DL CC is configured by dedicated RRC signaling. 
Linkage for random access
It is about from which DL CC Msg 2 and Msg 4 are received when Msg 1 and Msg 3 are transmitted in a certain UL CC. In this section, random access procedures to send CCCH SDU is not discussed, because they should be same as REL-8 procedure. When UE sends RRC CONNECTION SETUP REQUEST or RRC CONNECTION REESTABLISHMENT REQUEST, UE is configured with a single DL CC and a single UL CC. The contribution is only about random access procedure for Msg 3 containing C-RNTI MAC CE. Hence the Msg 4 in this discussion is an UL grant or a DL assignment addressed to UE’s C-RNTI.  

Random access resource would not be partitioned between REL-10 UEs and legacy UEs. It means that REL-10 random access procedure should stay same as REL-8 as much as possible. Therefore we see reusing REL-8 SIB 2 based linkage is the best solution. However, message 4 could be considered a bit differently. Unlike Msg 1/2/3, Msg 4 is a dedicate message in a sense that ENB knows which UE is to receive it Thus it is possible to define Msg 4 reception for CA UEs differently without impacting legacy UEs. As a matter of fact, limiting Msg 4 (i.e. UL grant or DL assignment for new transmission) reception only in the SIB 2 linked DL CC would add more complexity. In the current version of MAC specification, UE considers contention is resolved when an UL grant or a DL assignment for a new transmission is received. If one to one linkage for Msg 4 is strictly applied, additional text needs to be added to 5.1.5 as shown in table below, which should be avoided if no clear gain is provided. There seems no real gain in restricting Msg 4 for a certain DL CC. Hence, the restriction should be removed unless strong motivations are identified.
	Example Text which may be required if one to one mapping is applied.

	5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on PDCCH or UE Contention Resolution Identity on DL-SCH.

Once Msg3 is transmitted, the UE shall:

-
start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission;

-
regardless of the possible occurrence of a measurement gap, monitor the PDCCH until mac-ContentionResolutionTimer expires or is stopped;

-
if notification of a reception of a PDCCH transmission is received from lower layers, the UE shall:

-
if the C-RNTI MAC control element was included in Msg3:

-
if the Random Access procedure was initiated by the MAC sublayer itself and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission for the UL CC where Msg 3 was transmitted; or 

-
if the Random Access procedure was initiated by a PDCCH order, the PDCCH transmission is addressed to the C-RNTI and the PDCCH transmission contains an UL for the UL CC where Msg 3 was transmitted or the DL CC where random access response was received: 

-
consider this Contention Resolution successful;

-
stop mac-ContentionResolutionTimer;

-
discard the Temporary C-RNTI;

-
consider this Random Access procedure successfully completed.
...


All in all, we proposes to use the SIB 2 based linkage for PRACH preamble transmission, random access response reception, message 3 transmission and HARQ feedback reception for the message 3. We proposed to not restrict message 4 reception in a certain DL CC, which may cause unnecessary standard change without clear benefit.

Proposal 4
A one to one linkage is defined for random access procedure. 

Proposal 5
Random access linkage is applied to preamble transmission, random access response reception, message 3 



transmission and HARQ feedback for the message 3
Proposal 6
In case of Msg 3 including C-RNTI MAC CE, Msg 4 can be received from any activated DL CCs that are 



configured with PDCCH reception. 

Linkage for Pathloss Estimation
UE estimates a required UL transmission power of a UL CC with the pathloss of the linked DL CC taken into account. Calling it pathloss linkage, most natural way is to use SIB 2 linkage for it. Of course, one can consider enhancements to make pathloss linkage arbitrary to relieve the burden of pathloss measurement. However it seems that SIB 2 linkage is already given, and the power control parameters are well defined based on the assumption that UL transmission power is calculated based on SIB 2 linked DL CC’s pathloss. In RAN2 point view, the solution without spec change or with minimal change is preferable. It may be useful to ask RAN 4 that we can assume that there is one to one mapping between UL CC and DL CC in terms of pathloss reference and that if we can assume the linkage is in usual SIB 2 linkage.
Proposal 7
To ask RAN 4 if it is acceptable to define one to one mapping between UL CC and DL CC in terms of 




pathloss reference. 
Linkage for uplink power control
PUCCH TPC is embedded in DL assignment or in DCI 3/3A. There is no linking issue for PUCCH TPC because there is only one UL CC where PUCCH is mapped. TPC for PUSCH is embedded in UL assignment or in DCI 3/3A. There is no linking issue in case of PUSCH TPC by UL assignment. It is very straightforward to consider the PUSCH TPC is for the UL CC that UL assignment is for. There may be some linking issue in case PUSCH TPC is given by DCI 3/3A, which could be discussed in RAN 2 after RAN 1 decides the details of DCI 3/3A for CA UEs. 
Linkage for timing reference
Uplink timing is determined based on DL frame boundary. Hence if there are multiple DL CCs, it is a question which DL CC provides timing reference for which UL CC. Considering that it is unlikely to have multiple UL CCs with different uplink transmission timing, it seems possible to have only one timing reference DL CC for all UL CCs. The proposals are more elaborated in [1]
Proposal 8
An UL CC is linked with a single DL CC for timing reference.

Proposal 9
In REL-10, all UL CCs are linked with the DL PCC in terms of timing reference. 

3 Conclusion
From the experience, it is well expected that more linkage types more complicated standard. In that sense we believe the number of linkages should be minimized as much as possible. At this moment, some linkages seems to be possibly combined. E.g. Linkage for random access, linkage for UL scheduling in case of no CIF, and linkage for pathloss estimation seems possible for combining. However it is also true that the decision should be made after details are settled down in other WGs. Even though the real decision could be made later, a principle could be agreed as in proposal 0. 
Proposal 0
The number of linkage types should be minimized by combining different linkages as much as possible. 

Proposal 1
If CIF is configured for a DL CC, the linking information w.r.t which PUSCH CCs and which PDSCH 




CCs could be scheduled 
from the DL CC are configured by dedicated RRC signaling. 

Proposal 2
The mapping between CIF and PDSCH and PUSCH are configured by dedicated RRC signaling
Proposal 3
If CIF is not configured for a DL CC, the linking information w.r.t which PUSCH CC could be scheduled 




from the DL CC is configured by dedicated RRC signaling.
Proposal 4
A one to one linkage is defined for random access procedure. 

Proposal 5
Random access linkage is applied to preamble transmission, random access response reception, Msg 3 





transmission and HARQ feedback for the Msg 3
Proposal 6
In case of Msg 3 including C-RNTI MAC CE, Msg 4 can be received from any activated DL CCs that are 



configured with PDCCH reception. 

Proposal 7
To ask RAN 4 if it is acceptable to define one to one mapping between UL CC and DL CC in terms of 




pathloss reference. 
Proposal 8
An UL CC is linked with a single DL CC for timing reference.

Proposal 9
In REL-10, all UL CCs are linked with the DL PCC in terms of timing reference. 
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Annex
Below table summarizes the linking proposed by this contribution
	
	
	RRC configured linking
required ?
	Note

	1
	UL Tx for HARQ / CQI /DSR
- What UL CC ?
	No
	always on UL PCC

	2
	DL Tx for HARQ

- What DL CC ?
	No
	always on DL CC providing
DL PDCCH for UL grant

	3
	DL Tx for RACH
- Msg2 on what DL ?

	No (for PCC),

Yes (for SCCs: Could be SIB 2 linkage)
	always on DL CC linked which
indicated RACH preamble 
resources in SIB2

	4
	DL Tx for RACH
- Msg4 on what DL ?
	Yes
	DL CC that are configured with PDCCH reception

	5
	DL grant,  no CIF
- What DL ?
	No
	always on DL CC on which
the PDCCH is sent

	6
	UL grant , no CIF,
- What UL ?
	No (for PCC),

Yes (for SCCs: Could be SIB 2 linkage)
	Same as 3

	7
	UL/DL grant, CIF
- What UL/DL ?
	Yes
	CIF interpretation configured by dedicated RRC signalling

	8
	UL power ctrl, no CIF

- What UL CC is power controled ?
	No (for PCC),

Yes (for SCCs: Could be SIB 2 linkage)
	Same as 3

	9
	UL power ctrl, CIF
- What UL is power controled ?
	TBD
	-

	10
	Pathloss estimation

- Which DL CC is used to determine pathloss estimation
 for UL power control ?
	TBD
	-

	11
	Timing reference
-  Which DL CC is used as 
UL timing reference ?
	No
	always on DL PCC
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