3GPP TSG-RAN WG1 Meeting #80
R1-150494
Athens, Greece, 9 - 13 February, 2015
Agenda item:

7.2.2.2.1
Source:
Nokia Corporation, Nokia Networks
Title:
On Necessary Carrier Aggregation Enhancements Beyond 5 Carriers
Document for:

Discussion and Decision

1
Introduction
The Work Item ”LTE Carrier Aggregation Enhancement Beyond 5 Carriers” (approved in [1]) targets at enhancing carrier aggregation framework to support up to 32 component carriers as a second objective. This is captured in the approved WID tasks as:
2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]

In this contribution, we identify based on reviewing the currently available CA framework in which areas enhancements or new mechanisms will be needed in order to enable LTE carrier aggregation up to 32 component carriers. 
2
Discussion
In this section, we go systematically through the CA framework and CA operation in order to identify the needed changes. 

2.1 Scheduling of up to 32 component carriers
Two different scheduling principles are possible with the currently available CA framework – self-scheduling and cross-carrier scheduling. 

The CA self-scheduling specification is independent on the number of UL/DL component carriers. Therefore, we don’t see any needed changes in order to enable self-scheduling for up to 32 component carriers in UL/DL. 

Observation #1: No enhancements for self-scheduling of up to 32 UL/DL component carriers are seen as needed. 

In contrast, the CIF is used to enable cross-carrier scheduling of SCells (if configured). The CIF currently is limited to 3 bits – which would only enable cross-carrier scheduling of up to 8 component carriers, as the ServingCellID would be limited to 8. Therefore, some enhancements will be needed to enable cross-carrier scheduling for more than 8 configured UL/DL component carriers. 

Observation #2: Rel. 13 CA enhancements will be needed in order to enable cross-carrier scheduling for more than 8 component carriers. 

More details on cross-carrier scheduling of up to 32 component carriers are provided in [2].
2.2 UL CA operation for up to 32 CCs
The generic scheduling issues have been considered already in the previous section, containing UL & DL scheduling. 

For UL CA operation (not considering PUCCH on SCell – but focusing on PUSCH), the following issues might be considered:

· UL Timing Advance (incl. timing advance groups)

· Transmission of sounding reference signals

· UL power control operation (& reporting)

· Ack/Nack operation

In Rel. 11, multiple timing advance groups have been introduced in order to enable UL CA operation for deployments with different cell locations (resulting in varying UL timing advance for the different SCells). The number of component carriers itself is not having an effect on the number of timing advance groups – this will be given by the number of different physical locations we assume the UL cells to be located in. Therefore, enhancements in the number of timing advance groups are not necessarily needed from this point of view. Of course, when the number of UL CCs is increased, more than 5 carriers may need to belong to the same TAG and changes at least enabling the configuration of a larger number of UL cells to belonging to a TAG will be needed. 
Observation #3: The currently available number of TAGs seem to be sufficient.
From scheduling point of view, periodic SRS is independent on the number of UL/DL component carriers. The same applies to aperiodic SRS when triggered as part of PUSCH self-scheduling using DCI Format 0/4 or PDSCH self-scheduling with DCI Formats 1A and 2A/2B. On the other hand, cross-CC scheduling of aperiodic SRS contains the generic limitations of cross-CC scheduling in terms of currently only having the 3bit CIF as already noted in the previous section.
In CA, SRS dropping and power scaling behaviour of the UE depends on if the UE is configured to multiple TA operation or not. In Rel-10 type of operation, when MTA is not used, UE drops SRS whenever SRS and PUSCH/PUCCH would collide. If UE is configured to use multiple TA, SRS is only dropped, if the UE is power limited when transmitting the SRS symbol. In earlier releases UE behaviour related to SRS symbol dropping and power scaling depends on multiple TA configuration. We assume that dependency on MTA configuration is applicable also in the case that more than 5 UL CCs are configured. Besides such clarification, we don’t see a need for modifications to the UL PC when number of UL CCs is increased beyond 5 carriers.
Observation #4: Rel. 12 CA SRS dropping and power scaling rules dependent on the multiple TA configuration can be directly applied. Modifications to the UL PC are not seen as needed when the number of UL CCs is increased beyond 5 carriers.
Related to SRS symbol handling, multiplexing PUCCH and SRS in the same subframe is an issue to consider. Shortened PUCCH formats are used to facilitate this multiplexing option. However, shortened PUCCH formats are not defined for PUCCH format 2/2a/2b. Hence, increasing the number of carriers from 5 may increase the dropping rate for SRS considerably. This may have negative impact to the system performance especially in TDD side. On the other hand, periodic CSI reporting itself requires enhancements as discussed in [4], and the importance of PUCCH format 2/2a/2b with CA beyond 5 carriers remains to be seen. 
Multiplexing parallel SRS is independent on the number of UL/DL component carriers.

Observation #5: Increased amount of SRS dropping might occur in combination with PUCCH formats 2/2a/2b. On the other hand, importance of PUCCH formats 2/2a/2b for CA beyond 5 carriers may be reduced with possible enhancements on periodic CSI reporting. 
Finally, let’s consider the Ack/Nack transmission corresponding to PUSCH transport blocks. In the CA operation, the Ack/Nack transmission definition compared to baseline Rel. 8 operation (without CA) has not been changed and the Ack/Nack is mapped on the PHICH of the cell carrying the UL grant. In Rel. 10, discussions on the need to prevent collisions between Ack/Nacks of UEs cross-carrier scheduled from the same DL cell have taken place. But at RAN1#61bis no additional handling has been seen as needed (in addition to the available UL DMRS cyclic shift selection that can be used to try to prevent collisions besides PUSCH scheduling restrictions). 
A larger number of scheduled UL cells from the same scheduling DL cell through cross-carrier scheduling might call for enhancements. But then at the same time, just from downlink control capacity in general, the cross-carrier scheduling of too many UL carriers from a single scheduling DL cell might not be feasible either. 

Observation #6: The current PHICH operation definition seems to be sufficient for supporting a larger number of UL carriers overall. 


2.3 DL CA operation for up to 32 CCs
Looking at the DL CA operation, one needs to consider in addition to the DL scheduling (in Sec. 2.1) issues related to UL control information enhancements, as is visible from WID in [1] already. 

The need for enhancements of UCI multiplexing is coming from two different areas: 

1. Ack/Nack multiplexing: An increased number of DL CCs configurable for a cell will definitely increase the number of Ack/Nack bits to be fed back in UL to the eNB. Current PUCCH formats will clearly not be able to carry this amount of Ack/Nack feedback. We discuss PUCCH format enhancements for enabling up to 32-CC DL CA in [3]. Equally, some enhancements are also needed when UCI is multiplexed on PUSCH, but we see that those can be addressed more efficiently once main enhancements on HARQ-ACK feedback have been agreed based on PUCCH. 
2. CSI feedback: With an increasing number of DL carriers, of course also the need to increase the CSI feedback will be there. Currently, periodic CSI feedback per subframe is limited to a single component carrier which calls for a time-domain multiplexing of the periodic CSI information of the different DL CCs. Time-domain multiplexing gets rather cumbersome with an increasing number of DL component carriers, especially for TDD. But also for aperiodic CSI reporting, some enhancements might be needed as the implicit indication of the reported CC is limited to a single DL CC and because (RRC configured) explicit indication of reported carriers creates large number of CSI bits to be transmitted. We discuss the issue of CSI feedback enhancements in a companion contribution [4]. 
The discussion on UCI multiplexing in this section can be summarized in the following observations:
Observation #7: Enhancements to Ack/Nack multiplexing will be needed in order to support DL CA up to 32 CCs. 

Observation #8: Enhancements to CSI feedback multiplexing will be needed in order to support DL CA up to 32 CCs.

Otherwise, we could not identify any other needed enhancements in order to enable DL CA up to 32 CCs. 

3
Conclusion
In this contribution, we discuss necessary enhancements in order to enable UL/DL CA up to 32 component carriers. 

Based on the discussions, the following observations can be summarized: 

· Observation #1: No enhancements for self-scheduling of up to 32 UL/DL component carriers are seen as needed. 

· Observation #2: Rel. 13 CA enhancements will be needed in order to enable cross-carrier scheduling for more than 8 component carriers. 

· Observation #3: The currently available number of TAGs seem to be sufficient.

· Observation #4: Rel. 12 CA SRS dropping and power scaling rules dependent on the multiple TA configuration can be directly applied. Modifications to the UL PC are not seen as needed when the number of UL CCs is increased beyond 5 carriers.

· Observation #5: Increased amount of SRS dropping might occur in combination with PUCCH formats 2/2a/2b. On the other hand, importance of PUCCH formats 2/2a/2b for CA beyond 5 carriers may be reduced with possible enhancements on periodic CSI reporting. 

· Observation #6: The current PHICH operation definition seems to be sufficient for supporting a larger number of UL carriers overall. 

· Observation #7: Enhancements to Ack/Nack multiplexing will be needed in order to support DL CA up to 32 CCs. 

· Observation #8: Enhancements to CSI feedback multiplexing will be needed in order to support DL CA up to 32 CCs.
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