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1 Introduction
In LTE-A Rel-10, RA (Random Access) procedure is supported only on the PCell. For a UE configured with multiple serving cells in Rel-10, the same uplink transmission timing is applied in all serving cells, based on the timing advance on the PCell [1]. It was agreed in Rel-10 that further study is needed to support different uplink transmission timings on different serving cells, addressing the deployment scenario where the propagation delays are different on different serving cells due to e.g. frequency selective repeaters.

Uplink transmission timing in LTE is determined by a combination of the RA procedure and the timing advance command (TAC) issued by the network. To determine the uplink transmission timing on a SCell which is different from the PCell, it is natural to extend the RA procedure onto a SCell. RAN2 has discussed this approach with the following agreements in RAN2 #74 [2] and RAN2 #75 [3]:
· TA group concept introduced, number of groups FFS

· TA maintenance for the TA group containing the PCell will be the same as in Rel-10 (i.e. as in Rel-8)

· only network triggers RACH on SCell for (initial) time alignment purposes, FFS for UL data arrival case

· PDCCH order initiated RACH supported on SCells, FFS if any other mechanism will be introduced

· non-contention RACH is supported for SCells. 
· FFS if contention based RACH access is supported for SCells

· RACH initiation by PDCCH order is only supported for an activated SCell

· FFS on the PDCCH/PDSCH location of Msg2, concerning UE is not monitoring common search space of SCell
· The UE does not need to support execution of 2 parallel RACH procedures in parallel.
Furthermore, it is indicated in [4] [5] that the following conclusions have been agreed in RAN2:

· Random access based solution, i.e. random access on SCell belonging to SCell TA group, is sufficient for supporting Multiple Timing Advance in Rel-11 CA enhancement WI.
· PDCCH for Msg2 can be sent on a different serving cell than the SCell in which the preamble was sent.
Given the above RAN2 decisions, we share our views on the RACH based solution in this contribution.
2 Discussion 
For the RACH based solution, a UE needs to transmit preamble (Msg1) on the respective SCell to obtain the initial uplink transmission timing. Given that the PDCCH order to initiate a RACH procedure can be transmitted in the UE specific search with cross carrier indicator field, it is already possible to trigger a preamble transmission on any SCell. 
After the UE transmits the preamble, it expects a Random Access Response (RAR, a.k.a. Msg2) from the network. The UE shall be able to identify which serving cell the received RAR shall be applied to. This is the key difference from the Rel-8/10 RACH design where the association of RAR and serving cell is not required. 
For contention based RACH, a scheduled transmission (Msg3) and contention resolution (Msg4) need to be exchanged between the UE and eNB. Msg3 and Msg4 can be transmitted on the respective SCell for which the RACH procedure is applied. Hence the behavior corresponding to Msg3 and Msg4 can remain the same as Rel-8/10. It shall be noted that contention based RACH on SCell may not be needed in support of multiple timing advances in Rel-11 carrier aggregation, per RAN2 agreements.

Given the above discussion, the study shall focus on the association between RAR and serving cell to enable RACH procedures on SCells. The following methods are possible, assuming a RACH preamble is transmitted on a SCell, referred to as the RA SCell.
· Alternative 1: PDCCH with RA-RNTI is transmitted in the common search space (CSS) on the RA SCell, and the corresponding RAR PDSCH is also transmitted on the RA SCell.

Figure illustrates Alternative 1. This approach directly extends legacy RACH procedure onto SCells. Thus it is applicable to both contention and non-contention based RACH, and RAR grouping of either PDCCH or PDSCH for multiple UEs within one SCell is supported, i.e. RAR for multiple UEs with the same RA-RNTI can be transmitted in the same PDSCH, scheduled by one PDCCH with the corresponding RA-RNTI in the CSS on the RA SCell. 
On the other hand, it requires the CSS is defined for SCells, which increases the number of PDCCH blind decodings for a UE. Cross carrier scheduling, i.e. PDCCH with RA-RNTI on a serving cell and RAR PDSCH on another serving cell, is not supported with this approach, assuming cross carrier scheduling is not supported for PDCCH in CSS as in Rel-10.
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Figure 1:  Example of Alternative 1
· Alternative 2: PDCCH with RA-RNTI is transmitted in the UE specific search space (USS) of the RA SCell.
An example is provided in Figure 2. This approach does not require an increase on the number of PDCCH blind decodings since the PDCCH with RA-RNTI can have the same payload size as the DCI format 1A in the USS. Cross carrier scheduling is supported since the PDCCH in USS can have CIF.
On the other hand, this solution is only applicable to non-contention based RACH, given that the eNB needs to transmit the corresponding PDCCH with RA-RNTI scheduling RAR PDSCH in a particular UE’s USS. RAR grouping of PDSCH for multiple UEs within one SCell, i.e. RAR transmitted in the same PDSCH for multiple UEs with the same RA-RNTI, can be supported by individual PDCCH with the same RA-RNTI transmitted to each UE in the respective USS. This however, requires more PDCCH overhead compared to the Rel-8 RAR grouping, since multiple PDCCHs are pointing to the same RAR PDSCH. In addition, requiring the UE to monitor PDCCH with RA-RNTI in the USS would increase the PDCCH false alarm.
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Figure 2:  Example of Alternative 2
· Alternative 3: PDCCH with C-RNTI is transmitted in the USS of the RA SCell.

An example is provided in Figure 3. This approach is similar to Alternative 2 (hence roughly the same pros and cons between Alternatives 2 and 3), except that RAR grouping is not supported which requires more PDCCH and PDSCH overhead compared to the Rel-8 RAR grouping, since separated PDCCH  and PDSCH are used for each UE. Since UE dedicated transmission method is directly used to transmit RAR in this approach, it does not require any specification change.
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Figure 3:  Example of Alternative 3
· Alternative 4: PDCCH with RA-RNTI is transmitted in CSS on the PCell and the corresponding RAR PDSCH is also transmitted on the PCell. SCell indication is included in the PDCCH with RA-RNTI to indicate which SCell the corresponding RAR is applied to.
An example of this approach is shown in Figure 4. The approach does not require CSS on SCells, hence does not require an increase on the number PDCCH blind decodings. Since the PDCCH with RA-RNTI is transmitted in the CSS on the PCell as in Rel-8/10, the PDCCH false alarm probability is also the same as in Rel-8/10. In addition, the RAR for UEs with the same RA-RNTI and the same RA SCell can be grouped into one RAR PDSCH scheduled by one PDCCH with the corresponding RA-RNTI in the CSS on the PCell, which reduces the PDCCH and PDSCH overhead for Msg2 transmission. The SCell indication in the PDCCH with RA-RNTI transmitted in the CSS on the PCell can reuse some of the reserved bits, which does not change the corresponding DCI payload size.

On the other hand, Alternative 4 is only applicable to non-contention based RACH, since the eNB needs to provide the SCell indication in the corresponding PDCCH with RA-RNTI. The SCell index shall be the same for the UEs whose RAR is grouped into one RAR PDSCH, which may require cell specific CC index. The design shall also consider backward compatibility since legacy UEs are not aware of the SCell indication bits in the PDCCH with RA-RNTI. It is noted that Alternative 4 requires Msg2 for all serving cells transmitted on the PCell, which increases load of PDCCH in the CSS as well as the PDSCH overhead on the PCell. In addition, cross carrier scheduling is not supported assuming cross carrier scheduling is not supported for PDCCH in CSS as in Rel-10.
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Figure 4:  Example of Alternative 4
· Alternative 5: PDCCH with RA-RNTI is transmitted in CSS on the PCell and the corresponding RAR PDSCH is also transmitted on the PCell. SCell indication is included in the RAR to indicate which SCell the corresponding RAR is applied to.
Figure 5 shows an example of Alternative 5. The design of this approach is similar to Alternative 4 (hence roughly the same pros and cons between Alternatives 4 and 5), except that SCell indication is included in the RAR rather than in the PDCCH with RA-RNTI as in Alternative 4. With individual SCell indication in the RAR, the RARs for multiple UEs with the same RA-RNTI performing RACH on different SCells can be grouped into one RAR PDSCH.

On the other hand, Alternative 5 is only applicable to non-contention based RACH, since the eNB needs to inform a particular UE on the SCell indication in order for the UE to properly receive its RAR. With this observation, the SCell indication can reuse the field of Temporary C-RNTI as shown in Figure 6, since Temporary C-RNTI  is not needed for non-contention based RACH. The SCell index shall be the same for the UEs whose RAR is grouped into one RAR PDSCH grouping, which may require cell specific CC index. The design shall also consider backward compatibility since legacy UEs are not aware of the SCell indication bits in the RAR. It is possible to use the bit “R” in Figure 6 to indicate whether the field of Temporary C-RNTI is used for SCell indication.
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Figure 5:  Example of Alternative 5 and 6
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Figure 6:  MAC RAR format
· Alternative 6: PDCCH with RA-RNTI is transmitted in CSS on the PCell and the corresponding RAR PDSCH is also transmitted on the PCell. C-RNTI is included in the RAR to indicate which UE the corresponding RAR is applied to [6].

The example is as shown in Figure 5. The design of this approach is similar to Alternative 5, except that C-RNTI is used to distinguish RAR rather than SCell indication as in Alternative 5. With individual C-RNTI in the RAR, the RARs for multiple UEs with the same RA-RNTI performing RACH on different SCells can be grouped into one RAR PDSCH.

On the other hand, Alternative 6 is only applicable to non-contention based RACH, since the eNB needs to distinguish different UEs with C-RNTI in the RAR. With this observation, the Temporary C-RNTI as shown in Figure 6 can be reused as the field of C-RNTI since it is not needed for non-contention based RACH. The design shall also consider backward compatibility since legacy UEs are not aware of the Temporary C-RNTI bits is used as C-RNTI in the RAR and thus may not be able to obtain the correct RAR. It is possible to use the bit “R” in Figure 6 to indicate whether the field of Temporary C-RNTI is used for C-RNTI.
3 Tradeoff analysis

Multiple uplink timing advances with carrier aggregation is a new feature that has not been supported by earlier EUTRAN releases. This feature is applicable to UEs capable and configured with multiple carriers in uplink, in deployment scenarios where the propagation delays are different on different carriers. Table 1 shows the comparison of the several alternatives in Section 2. The specification impacts of the several alternatives in Section 2 are focused on RAN1 and/or RAN2, as summarized in Table 2.
Table 1: Comparison of different RAR transmission methods

	Alternative
	Type of RACH based solution
	PDCCH blind decodings
	RAR grouping
	DL overhead
	Cross carrier scheduling
	Specification impacts

	#1
	Contention and non-contention 
	Increase
	Within one SCell
	Low
	Not supported
	High

	#2
	non-contention 
	Not increase
	RAR with PDSCH within one SCell
	High for PDCCH
	Supported
	Low

	#3
	non-contention 
	Not increase
	Not supported
	High for PDCCH and PDSCH
	Supported
	No

	#4
	non-contention 
	Not increase
	Within one SCell
	Low
	Not supported
	High

	#5
	non-contention 
	Not increase
	Within multiple SCells
	Low
	Not supported
	High

	#6
	non-contention 
	Not increase
	Within multiple SCells
	Low
	Not supported
	Low


Table 2: Specification impacts 
	Alternative 
	RAN1
	RAN2

	#1
	· Define CSS on SCells

· Impact on UE PDCCH blind decodings
	· No significant RAN2 impact

	#2
	· Define UE behavior to monitor PDCCH with RA-RNTI in USS
· Impact on PDCCH false alarm
	· No significant RAN2 impact

	#3
	· No significant RAN1 impact
	· No significant RAN2 impact

	#4
	· Define field for SCell indication in PDCCH with RA-RNTI in CSS on PCell
· Impact on PDCCH/PDSCH load on PCell
	· Cell specific CC index is required

	#5
	· Impact on PDCCH/PDSCH load on PCell
	· Cell specific CC index is required
· Define field for SCell indication in RAR PDSCH

	#6
	· Impact on PDCCH/PDSCH load on PCell
	· Define field for C-RNTI in RAR PDSCH


4 Conclusions
In this contribution, we discuss the RACH based multi-TA solution in LTE-A Rel-11 carrier aggregation. Alternative 1 requires the addition of CSS on SCells, which is not preferable from the perspective of PDCCH blind decodings. More detailed analysis is needed to choose among Alternatives 2, 3, 4, 5 and 6 considering the backward compatibility, PDCCH false alarm, PDCCH and PDSCH overhead, DL load balance (i.e. PDCCH/PDSCH load balance among different serving cells) for Msg2 transmission. Hence, we have the following proposals:
Proposal 1: RACH procedure on SCell shall not increase the number of PDCCH blind decodings in Rel-11 compared to Rel-10.

Proposal 2: The adopted scheme for Msg2 transmission of RACH procedure on SCell shall consider backward compatibility, PDCCH false alarm, PDCCH and PDSCH overhead, DL load balance.
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