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1. Introduction

An agreed objective of the Rel-11 carrier aggregation work item is the support of multiple timing advance commands for UL CA [1]. The motivation for multiple timing advance commands arises in scenarios where UL timing synchronization for secondary cells (SCells) is sufficiently different from the timing synchronization on the primary cell (PCell). Examples of such scenarios include simultaneous UL transmission to remote radio heads (RRH) and repeaters as illustrated in Annex J of [2]. Two possible schemes have been discussed by RAN2, namely:

1. Configuration of multiple RACH procedures for a Rel-11 UE, and
2. Timing advance calculation using time difference measurements.
The feasibility of the second option is the subject of a RAN2 LS to RAN1 [3]. In this contribution we provide a preliminary evaluation of both options from a PHY layer perspective.   
2. Multiple RACH Procedures for UL CA
For this proposal a UE can be configured for multiple RACH procedures on one or more SCells in addition to the legacy RACH procedure on the PCell. RAN2 has proposed the introduction of a TA group concept, wherein a set of serving cells with similar timing alignment requirements are grouped together. In case of initial timing for this TA group the eNB initiates a non-contention based RACH procedure via a PDCCH order to a designated serving cell in the TA group. The TA command contained in the random access response (RAR) is applied for UL timing on each configured serving cell in the TA group. Note that for backward compatibility the PCell is the designated serving cell for its TA group. 
Further initial RAN2 agreements, which may be relevant to L1 signaling considerations include:
· For PDCCH order trigger, non-contention RACH will be supported for SCell. 

· FFS if contention based RACH access will /will not be supported.

· Msg0 will be sent on the scheduling cell for this SCell. Msg1 is sent on the UL of the concerning SCell. PDCCH/PDSCH location of Msg2 FFS.

· FFS whether there is no simultaneous PRACH sequence transmission.
A few PHY implications of these agreements are:
Increased PDCCH blind decoding operations
A Rel-10 UE configured for CA monitors the common search space (CSS) only on the PCell. In Rel-8/9/10, the network initiates a non-contention based RACH by sending a PDCCH order using DCI format 1A. The UE transmits a RA preamble according to the detected PDCCH order and monitors for a corresponding RAR, which is indicated by PDCCH conveying DCI formats 1A or 1C in the CSS with the CRC scrambled by the RA-RNTI. 

Therefore, if the RAR (also known as Msg2) is transmitted on the SCell configured for RACH in the TA group, the UE needs to monitor the CSS of the SCell for a PDCCH with CRC scrambled by the RA-RNTI. 
Observation: the total number of blind decodes increases by 12 for each additional TA group.

If the potential increase in the number of blind decodes is considered too high, one possibility is to signal the PDCCH indicating a RAR using only DCI Format 1A with CRC scrambled by the RA-RNTI in the UE specific search space. In Rel-8 the RAR is indicated by DCI formats 1A/1C in the CSS partly because the RACH procedure is meant for initial access or reconnection after a radio link failure and the RACH may be contention-based. For timing alignment of the SCell this is not strictly necessary because the UE maintains RRC connection, and performs radio link monitoring (RLM) on, the PCell. 
Possibility of group power control commands 

During the Rel-10 standardization phase it was discussed at length whether cross carrier group power control commands were necessary. One proposal was to configure the UE with one TPC-PUSCH-RNTI and a TPC index for each configured UL CC. An argument against this was that the main application for group power control commands was to reduce the TPC signaling overhead for SPS. It was also noted that PUCCH is only transmitted on the PCell further limiting the usefulness of cross carrier TPC signaling. 

If a Rel-11 UE is configured for RACH on a SCell it has to monitor the CSS at least for the PDCCH indicating the RAR. Therefore, it can also be configured to monitor DCI formats 3/3A in the CSS of the same SCell.

Proposal: 

· If a UE is configured to monitor for DCI formats 1A/1C scrambled with the RA-RNTI in the CSS of a SCell

· The UE can be configured with a TPC-PUSCH-RNTI to detect power control commands using DCI format 3/3A on the same SCell. 
Aperiodic CSI reporting in RAR

For Rel-8/9/10 systems the eNB sends a 20-bit UL grant in the RAR corresponding to a detected RACH preamble transmission. A 1-bit CSI request field is present in the UL grant for triggering an aperiodic CSI report for the PCell for a non-contention based RACH procedure, whereas this bit is reserved for contention-based RACH. 

When the RAR is signaled in response to a RACH preamble transmission on a SCell, two possible options for the CSI field in the UL grant are: 

Option 1: The 1-bit CSI field is used for aperiodic CSI reporting for the SCell configured for the RACH procedure. A “1” indicates that the UE shall transmit an aperiodic CSI report for the SCell i.e. the procedure outlined in Sec. 6.2 of 36.213 for non-contention based RACH is followed. In the case of cross carrier scheduling the 1-bit CSI field refers to aperiodic CSI reporting for the SCell where the PRACH preamble was transmitted.

Option 2: The 1-bit CSI field is reserved when a UE detects a RAR corresponding to RACH preamble transmission on a SCell.
Our preference is for Option 1 since there is little change to the specifications.
Simultaneous RACH on multiple SCells: if simultaneous RACH on multiple SCells is permitted a priority rule needs to be specified in case of transmit power limitation at the UE.

3. Timing Advance using Time Difference Measurements

In this scheme the UE computes the TA of SCells that do not have the same TA as the PCell based on the TA for the PCell and the DL timing difference between the PCell and the SCell as measured by the UE (see [3] and references therein). The TA for the SCell is computed as [4]
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where TDRP (TDRS) is the reception time at the UE from the PCell (SCell), and TDTP (TDTS) is the transmission time at the PCell (SCell).

The main benefits of this scheme include

· Little change to the existing specifications

· No need for RACH on multiple serving cells

· Avoids the possibility of simultaneous RACH on multiple SCells

It was also mentioned in [4] that from a RAN4 study [5] the maximum propagation timing difference between two frequency bands is approximately 0.5us with probability 97~98% and less than 2.5us with probability of 1. Therefore, given that the frequency gap between the DL and UL of the same serving cell is much less than the inter-band frequency gap one can assume that this method potentially results in a good estimate of the true TA for the SCell. Hence the only change to the specification is RRC signaling to indicate the transmission timing difference at the eNB between the PCell and the SCell. It should be noted that this transmission timing difference may not be accurately measured at the eNB. Hence another source of error exists. These errors may have an accumulative effect, and it would make sense if the eNB can send TA updates to correct for cumulative errors – the UE does not autonomously decide on TA steps.

Another scenario where UL timing accuracy with this scheme may be degraded is for HetNets. Consider a case where a UE served by a low power node cannot reliably decode its DL control signaling on 1 CC. Indeed, decoding performance of the synchronization channel is also impaired. Therefore, the UE may be scheduled to receive its scheduling information on a different CC while transmitting, for example, on PUSCH on the CC with heavy DL interference. In such a case using the DL timing of this CC to enable UL timing may suffer from accumulation of timing errors. 
Regarding CoMP the applicability of this scheme may need more study. For example, the UL CoMP set would be such that the UE signal is received within the cyclic prefix for each CoMP cell. As such it may not be desirable for the UE to autonomously determine its UL timing based on time difference measurements without any input from the network.
4. Conclusion

This contribution provided a preliminary analysis of two proposed schemes for supporting multiple timing advances for Rel-11 CA. Our current view is that timing advance using time difference measurements would need further study regarding TA accuracy especially for HetNets. Secondly, it is desirable that the network has the ability to make corrections to TA commands, i.e. the UE does not autonomously decide on TA commands. Other issues of timing accuracy with this scheme are more within the scope of RAN4.

The multiple RACH procedures scheme is a straightforward extension of the legacy timing advance procedure. However, there are RAN1 implications to consider including:

· An increase in the number of blind decodes

· The need for priority rules in case of power limitation. 
· Consideration of aperiodic CSI reporting in RAR for SCell.

· Consideration of group power control commands.
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