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1 Introduction

In LTE release-8, the uplink scrambling is used to randomize the interference so that the channel coding gain can be fully utilized.  For PUSCH/PUCCH and reference signal, when the scrambling sequence is initialized at the beginning of each subframe, the physical cell ID will be used.  In release 10 carrier aggregation, each downlink component carrier is considered as a cell and it will have its own cell ID.  This contribution discusses the uplink and downlink scrambling code initialization in carrier aggregation, i.e., how to select the cell ID for the scrambling code for each component carrier.

Before we go to the detail discussion, here are some agreements already made in RAN1/2 and may have some impacts on the discussion.
RAN2#69[1]:

· The UL PCC is used for transmission of L1 uplink control information
RAN1#60[2]

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE

RAN1#60bis[3]:
Several options are discussed for linkage between component carrier for DL control and component carrier for DL and UL data
· 
Option 1: 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

· Option 2: 

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC 

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF

A modified option 1 was also proposed as:

· Modified option 1

· For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier. 

· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.

Option 1 is adopted as a working assumption and modified option 1 and option 2 are FFS.
2 Discussion on UL PUCCH/PUSCH Scrambling 
2.1 One UL to one DL CC SIB-2 Linking 
1.1.1 Scrambling for PUCCH
The PUCCH channel has several parameters that are dependent on the physical cell ID, for example cell ID used for PUCCH based scrambling, cell ID for PUCCH DMRS sequence group hopping, sequence shift and cyclic shift hopping.  Hereafter, cell ID for PUCCH scrambling means cell ID for both PUCCH scrambling sequence initialization and cell ID for PUCCH DMRS sequence group hopping, sequence shift and cyclic shift hopping.  In case of one-to-one UL/DL CC linking, there are two methods of obtaining the physical cell ID for the PUCCH channel:
· Solution 1: Use DL PCC cell ID (which is linked to UL PCC), since PUCCH is always carried on the UL PCC;

· Solution 2: For each PUCCH transmission, e.g., A/N, CQI,  use the corresponding  DL CC cell ID (in case of A/N, it could be the DL CC where the PDSCH lives, in case of CQI, it could be the DL CC for which the CQI is intended).
In Figure 1, DL CC1 is used to schedule DL CC 1&2, and DL/UL CC1s are DL/UL PCCs, respectively.  For solution1, the PUCCHs (for DL CC1 and DL CC2) are both carried on UL CC1 (PCC) and are both scrambled with the DL CC1 cell ID. For solution 2, PUCCH for DL CC1 is scrambled with the DL CC1’s cell ID and PUCCH for DL CC2 is scrambled with the DL CC2’s cell ID.
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Figure 1 One UL CC SIB2 Linked to One DL CC
The problem with solution2 is that we will need to ensure that each DL CC’s PUCCH region is

· PUCCH region for each DL CC is disjoint;

· PUCCH region for DL CCs cannot co-exist in a same PRB.

This may be too much restriction for designing the UL PUCCH control channel in case of carrier aggregation, and may cause lots of PUCCH resource fragmentation in the UL PCC. Unless RAN1 designs the PUCCH that satisfies these above conditions, it is safer to choose solution 1, which does not have these aforementioned restrictions. 
1.1.2 Scrambling for PUSCH
The PUSCH channel has several parameters that are dependent on the physical cell ID, for example cell ID used for PUSCH based scrambling, cell ID for PUSCH DMRS sequence group hopping, sequence shift and cyclic shift hopping.  Hereafter, cell ID for PUSCH scrambling means cell ID for both PUSCH scrambling sequence initialization and cell ID for PUSCH DMRS sequence group hopping, sequence shift and cyclic shift hopping.  Similar to the case of PUCCH, we also have two solutions:

· Solution 1: For each PUSCH, use the cell ID of the DL CC that is linked to the UL CC where the PUSCH lives;

· Solution 2: For each PUSCH, use the cell ID of the DL CC in which the UL grant is sent;

In the case of PUSCH, both solutions can work reasonably well for SU-SIMO or SU-MIMO transmissions. On the other hand, in the case of MU-MIMO, solution 1 allows orthogonal DMRSs for multiple users, provided that the same set of PRBs are allocated to these users. With solution 2 the orthogonality of DMRS will be lost and MU-MIMO operation become less beneficial. Therefore, solution1 seems to be a better choice for PUSCH. 

2.2 One UL to Multiple DL CCs SIB2-linking 
The solutions discussed in section 2.1 can also be applied to this scenario.  It is assumed that it will not have too many DL CCs SIB2 linkd to one UL CC.  For PUCCHs, it is not a big problem to use one of the DL PCC to initialize the scrambling.  As long as different DL PCC are not using the same RB, the solution 1 in 2.1 for PUCCH works fine.  

Proposal 1: For PUCCH, DL PCC cell ID (which is linked to UL PCC) will be used as the cell ID for scrambling.  In case of one UL to multiple DL CCs SIB2-linking, one of the linked DL PCC cell ID will be used for PUCCH scrambling.
For PUSCH, the main concern is to have unique specification which DL PCI is used for scrambling.  One solution to combat one UL to multiple DL CCs SIB2 linking issue is to pre-configure which SIB2 linked DL component carrier’s cell ID will be used for that UL component carrier’s PUSCH scrambling.  The configuration can be sent by RRC signalling.
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Figure 2 One UL CC SIB2 Linked to More Than one DL CCs

In Figure 2, UL CC1 is SIB2 linked to DL CC1 and DL CC2.  For PUSCH on CC1, eNB can configure the UE to use DL CC1’s cell ID for UL PUSCH scrambling initialization.  

Another solution is to have some unique rules.  If multiple DL-to-one UL SIB2 linking exists, some rules, for example, the cell ID for lowest DL EARFCN, etc will be used for PUSCH scrambling.

Solution 2 in section 2.1 can be used if UL MUMO is not an issue.  Solution 1 in section 2.1 can also be used if one of the SIB2 linked CC is pre-defined as the CC for uplink PUSCH scrambling.
Proposal 2: There are several solutions to select the cell ID for PUSCH scrambling and RAN2 should discuss which solution should be used:
· Solution 1: For each PUSCH, use the cell ID of the DL CC that is linked to the UL CC where the PUSCH lives; (can be used together with solution 3 to handle one UL-to-multiple DL SIB2 linking case)
· Solution 2: For each PUSCH, use the cell ID of the DL CC in which the UL grant is sent; (not work for MU-MIMO)
· Solution 3: RRC configure which DL CC’s cell ID will be used for the PUSCH scrambling 
· Solution 4: certain rules, for example, the cell ID for the lowest DL EARFCN, etc will be used for PUSCH scrambling (mainly used for one UL-to-multiple DL SIB2 linking case)
3 Discussions on DLTransmission
3.1 DL PDSCH Transmission
Because of the cross-carrier scheduling, the PDSCH transmitted in one CC can be scheduled from a PDCCH in a second CC. This second CC can be different for different UEs. Therefore, in order to support DL MU-MIMO, the cell ID used for PDSCH scrambling should be chosen as follow: 

 Proposal 3: For PDSCH scrambling, we should use the cell ID of the DL CC in which the PDSCH transmission lives. 

3.2 DL PDCCH Transmission
It is very straightforward for scrambling for PDCCH transmission.  For PDCCH scrambling (with all DCI formats), the scrambling is according to the cell ID on the CC in which the PDCCH lives, regardless of the intended CC for which the intended UL/DL data will live.

Proposal 4: For PDCCH scrambling, we should use the cell ID of the DL CC in which the PDCCH transmission lives. 
4 Conclusions

This contribution discussed the uplink and downlink scrambling initialization in carrier aggregation scenarios. The following are proposed: 
Proposal 1: For PUCCH, DL PCC cell ID (which is linked to UL PCC) will be used as the cell ID for scrambling.  In case of one UL to multiple DL CCs SIB2-linking case, one of the linked DL PCC cell ID will be used for PUCCH scrambling.

Proposal 2: There are several solutions to select the cell ID for PUSCH scrambling and RAN2 should discuss which solution should be used:

· Solution 1: For each PUSCH, use the cell ID of the DL CC that is linked to the UL CC where the PUSCH lives;

· Solution 2: For each PUSCH, use the cell ID of the DL CC in which the UL grant is sent; (not work for MU-MIMO)
· Solution 3: RRC configure which DL CC’s cell ID will be used for the PUSCH scrambling (can be used together with solution 1 to handle one UL-to-multiple DL SIB2 linking case)

· Solution 4: certain rules, for example, the cell ID for the lowest DL EARFCN, etc will be used for PUSCH scrambling (maybe mainly used for one UL-to-multiple DL SIB2 linking case)
Proposal 3: For PDSCH scrambling, we should use the cell ID of the DL CC in which the PDSCH transmission lives. 

Proposal 4: For PDCCH scrambling, we should use the cell ID of the DL CC in which the PDCCH transmission lives. 
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