Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #75bis
Tdoc R2-115408
Zhuhai, China, October 10th – 14th, 2011
Agenda Item:
7.1.1.2
Source: 
InterDigital Communications
Title:  
Completion of Initial Timing Alignment Procedure for SCells
Document for:
Discussion, Decision
1 Introduction
During RAN2#75, it was agreed that the UE does not initiate a RA procedure on a SCell for new data arrival, i.e. there is no UE-initiated RA procedure on SCells [1]. In addition, RAN2 discussed the topic of scheduling and reception of msg2 for a preamble transmission performed on SCell. No agreements were reached, and it was decided to have an email discussion until RAN2#75bis [3].

In particular, the following issues are still open for discussion:

1) Whether or not contention-based RA (CBRA) is supported for SCells, in addition to contention-free RA (CFRA);

2) Whether or not cross-carrier scheduling is supported for different steps of the RA procedure;

This contribution further discusses the topic of RACH msg2 for SCells.

In general, whether or not RAR is needed as the response to a preamble transmission on SCell may not have been given sufficient attention. Our understanding is that if RAR is not used for SCells, much of the discussion on msg2 (which easily seems to become growingly complex, as witnessed by the rapporteur’s summary in [3]) may be simplified.

In particular, as there seems to be no strong motivation to support CBRA for SCells, it seems fair to assume that only a preamble for contention-free access is supported for SCells. It seems also fair to assume that LTE R11 will eventually introduce means such that the UE can associate a TA Group with a Timing Advance Command (TAC) received in a MAC CE - inside the MAC CE format itself.
Given the above assumptions on the use of a dedicated preamble and the MAC TAC CE format, the UE only needs to receive a TAC to complete the initial uplink timing alignment for a SCell. The TAC may be received in any PDSCH transmission for the UE, independently of the scheduling method for the corresponding PDCCH, using C-RNTI.

2 MSG2 Reception for SCells

2.1 Aspects of msg2 reception for SCells

The issues for msg2 scheduling for SCells are related to how the UE receives the scheduling information for RAR (including what PDCCH and what search space for the concerned PDCCH) as well as how the UE identifies that the RAR corresponds to the preamble it has previously transmitted (including what RNTI is used).
There are a number of different aspects related to the question of RAR reception for SCells:
1) PDCCH decoding in Common Search Space (CSS) is not supported for SCells in R10

In LTE R10, the UE does not decode any DCI in the PDCCH CSS for a SCell, such that RAR with RA-RNTI could not be received on the PDCCH of a SCell. Changing this and specifying decoding of DCIs in CSS of SCell would increase the total number of blind decoding attempts. However, an increase of the number of additional blind decoding is not desirable. Before taking any decision that would impact the blind decoding aspects, RAN2 should consult RAN1 first.
Other alternatives include scheduling a RAR with C-RNTI, whether or not cross-carrier scheduling is used. This assumes that CBRA is not supported.

2) Cross-carrier scheduling using RA-RNTI is not supported in R10

Identification of the RAR corresponding to a preamble transmission with cross-carrier scheduling
A UE identifies the DCI that schedules the RAR using RA-RNTI, which RA-RNTI associates the RAR with the resource on which the preamble was transmitted.
If cross-carrier scheduling of RAR is supported, the eNB schedules RAR using RA-RNTI on the PDCCH of a cell based on the PRACH resource of another cell. A R11 UE needs to further determine whether or not the RAR really corresponds to its transmitted preamble.
RA-RNTI collisions with cross-carrier scheduling
If cross-carrier scheduling of RAR is supported, unless the definition of RA-RNTI is modified, there is a risk that a single RA-RNTI identifier collides with a preamble transmission that occurred in different serving cells from two different UEs. Independently of whether or not CBRA is supported for SCells, the eNB may not have the means to avoid such collisions. The impact for a R8/9 UE (or a R10 UE on PCell) may be that the wrong RAR is decoded which may result in that UE aborting the ongoing RACH procedure, fail contention resolution or other unintended behavior.  
Possible means to address the above include scheduling the RAR with C-RNTI, whether or not cross-carrier scheduling is used. This also assumes that CBRA is not supported. Other approaches may be to redefine RA-RNTI such that it includes the cell identity for which cell the preamble was transmitted, or to include the cell identity in the RAR format, or to decode the DCI for RAR in the UESS of the PDCCH instead.

3) Contention resolution (CBRA) is supported for any RACH procedure (on PCell) in R10

It may be argued that supporting CBRA for SCells may be useful to avoid the risk of dedicated preamble starvation. However, dedicated preambles may be dynamically assigned in the DCI format 1A such that a preamble may be sequentially reused for different UEs and for different PRACH resources.
Given that the number of UEs that are simultaneously active in uplink transmissions with carrier aggregation should be somewhat limited for a given serving cell, and given that requirements on the latency to obtain uplink synchronization need not be as strict as for the PCell, and finally given that the network controls whether or not a UE remains synchronized for a secondary TA group, it should be possible for the network to avoid shortage of dedicated preambles. 

=> Observation 1: Supporting only the use of dedicated preambles for SCells may simplify the discussion for msg2.
Our view is thus that contention-based preambles are not strongly motivated, and thus it is proposed that:

Proposal 1:
The UE gains initial timing alignment for all SCells of a secondary TA group using a dedicated preamble and PRACH resource e.g. using the CFRA procedure. CBRA is not supported for SCells.
4) Any SCells may be configured with cross-carrier scheduling in R10

If cross-carrier scheduling of msg2 is not supported for SCells in R11, then a SCell configured with PRACH resources cannot be configured with cross-carrier scheduling of user data. This seems to lead to an unnecessary restriction.
2.2 Need for RAR reception as msg2 for a preamble transmitted on a SCell

LTE R8/10 RACH on the PCell
The UE successfully completes the CFRA procedure from the reception of a RAR message within the RA Response window using RA-RNTI.

More specifically, the following principles apply:
· The UE decodes scheduling information for msg2 in the PDCCH CSS with RA-RNTI;

Decoding in the CSS and scrambling with RA-RNTI is necessary when the eNB cannot identify the UE that transmitted the preamble. Scrambling using RA-RNTI is necessary also because the preamble transmission of multiple UEs may collide on the same PRACH opportunity. This is mainly for CBRA.
In addition to the TAC field, RAR for the PCell contains:

· Random Access Preamble Identifier (RAPID);

RAPID is used to confirm the association between RAR and the transmitted preamble and needed only for CBRA.
· UL grant;

The UL grant is for msg3 transmission for CBRA, or for a first uplink transmission otherwise. The grant is only strictly necessary for CBRA, as otherwise scheduling with C-RNTI is possible.
· Temporary C-RNTI, for contention resolution in case of CBRA;

· Backoff Indicator (BI) in case of collisions and/or high load on PRACH.
LTE R11 and PRACH on SCells
For SCells, there are a few differences from RACH on the PCell:

· The UE is assumed to have C-RNTI and UL timing alignment on the PCell;

There is thus no need for Temporary C-RNTI and for the UL grant for msg3.

· Assuming only contention-free preamble and PRACH resource are used for SCells, the eNB can determine the identity of the UE that transmitted the preamble;

There is thus no need for RAPID, RA-RNTI or blind decoding in CSS for SCells.

· Preamble transmission for SCells is controlled by the network using PDCCH format 1A;

There is thus no need for BI in a RAR on RA-RNTI for a preamble transmission that corresponds to SCell.
More specifically, RAPID becomes obsolete if msg2 is a transmission using C-RNTI on the downlink of any serving cell of the UE’s configuration. Similarly, the TAC in the RAR may be replaced by a TAC MAC CE included in a transmission using C-RNTI. The network may issue an uplink grant in a timely manner using C-RNTI on the PDCCH that schedules the concerned SCell. The association between the PRACH and a RA-RNTI for RAR reception is not needed if TAC may be transmitted using C-RNTI. Finally, there is no use for the BI in this case for a SCell, as preamble transmission and PRACH allocation is controlled by the network using PDCCH.
=> Observation 2: 
In case of high load and collisions on a PRACH resource, where a first UE may autonomously transmit a preamble for PCell and a second UE may transmit a preamble for SCell, if RAR scheduled with RA-RNTI on CSS is not used as msg2 for SCells, the eNB may still transmit RAR with BI for the corresponding RA-RNTI for the first UE if needed.
=> Observation 3: 
RAR may not be necessary to the procedure to obtain UL TA for SCells if only the use of dedicated preambles for SCells is supported.

=> Observation 4: 
Only TAC is needed as a response to a preamble transmission for a SCell.
Consequently, the following is proposed:

Proposal 2:
For a preamble transmission on a SCell, the UE decodes scheduling information for msg2 on PDCCH using C-RNTI in the UE-specific Search Space (UESS) of the PDCCH configured to schedule the SCell.
Proposal 3:
For a preamble transmission on a SCell, RAR is not used as msg2 and only TAC on PDSCH is needed.

2.3 MAC TAC CE as msg2 for a preamble transmitted on a SCell

If the previous proposals are agreed, the following is also proposed as a natural consequence of having reception of a TAC that is applicable to the SCell for which a preamble was transmitted:

Proposal 4:    A MAC PDU that includes TAC includes an identity of the TA group for which the TAC is applicable.
2.4 Successful completion of UL synchronization for SCells
For initial TA, i.e. for the preamble transmission:

Proposal 5:    The UE successfully completes an ongoing RACH procedure for a SCell from the reception of msg2 that consist of a MAC PDU that includes a TAC value for the corresponding TA group.

If proposal 5 above is agreed, the issue of whether or not cross-carrier scheduling may be applied to reception of RACH msg2 becomes irrelevant, as the UE does not receive RAR for SCells in this case.
For initial TA and for subsequent TA update not involving a preamble transmission:

Proposal 6:    The UE restarts TAT applicable to the TA Group when it receives a TAC for the concerned TA Group. 
3 Conclusion
The procedure for gaining initial uplink timing synchronization for SCells of a secondary TA group may be simpler than the CFRA procedure. It may also be under complete network-control, including preamble retransmissions, as discussed in R2-115407 [3]. 

In summary, it would be sufficient to have the following steps:

A) First, the UE initiates the procedure from the reception of a PDCCH DCI format 1A (i.e. an initial request for a preamble transmission);

B) Secondly, the UE performs one or more preamble (re)transmissions (either autonomously while applying power ramping, or alternatively [3] under network control using one or more retransmission requests for power ramping);

C) Finally, the UE completes the procedure from reception of a TAC MAC CE for the concerned secondary TA group.

It is proposed that RAN2 consider the above discussion and agree to the following:

Proposal 1:
The UE gains initial timing alignment for all SCells of a secondary TA group using a dedicated preamble and PRACH resource e.g. using the CFRA procedure. CBRA is not supported for SCells.

Proposal 2:
For a preamble transmission on a SCell, the UE decodes scheduling information for msg2 on PDCCH using C-RNTI in the UE-specific Search Space (UESS) of the PDCCH configured to schedule the SCell.

Proposal 3:
For a preamble transmission on a SCell, RAR is not used as msg2 and only TAC on PDSCH is needed.

Proposal 4:    A MAC PDU that includes TAC includes an identity of the TA group for which the TAC is applicable.

For initial TA, i.e. for the preamble transmission:

Proposal 5:    The UE successfully completes an ongoing RACH procedure for a SCell from the reception of msg2 that consist of a MAC PDU that includes a TAC value for the corresponding TA group.

For initial TA and for subsequent TA update not involving a preamble transmission:

Proposal 6:    The UE restarts TAT applicable to the TA Group when it receives a TAC for the concerned TA Group. 

Consequently, many of the issues still for discussion related to the RA procedure would no longer be relevant [4].

Assuming UE-autonomous retransmissions are performed also on SCells, an example of possible modifications to TS 36.321 specifications is included in appendix A.
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5 Appendix A – Example of specification changes
5.1.1    Random Access Procedure initialization
The Random Access procedure described in this subclause is initiated by a PDCCH order or by the MAC sublayer itself. If a UE receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, it shall initiate a Random Access procedure. The PDCCH order or RRC optionally indicate ra-PreambleIndex and ra-PRACH-MaskIndex. Preamble transmission on PRACH and reception of a PDCCH order are only supported for PCell.
Before the procedure can be initiated, the following information is assumed to be available [8]:

[Unmodified text not included]
5.1.4a  Random Access Response reception for PCell
Once the Random Access Preamble is transmitted on PCell and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH of the PCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize subframes. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

[Unmodified text not included]
5.1.4b  Timing Advance Command MAC CE reception for SCell

Once the Random Access Preamble is transmitted on a SCell, the UE shall:
· start or restart ra-TimingAdvanceCommandTimer;

If the UE receives a Timing Advance Command applicable to the SCell, the UE shall:

- consider this Random Access procedure successfully completed.

When ra-TimingAdvanceCommandTimer expires, the UE shall:

-    if the timeAlignmentTimer applicable to the SCell is running:

- consider this Random Access procedure successfully completed.

-    otherwise:

     - increment PREAMBLE_TRANSMISSION_COUNTER by 1;

     - If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

     -         indicate a Random Access problem for the SCell to upper layers.

     - proceed to the selection of a Random Access Resource (see subclause 5.1.2).

[Unmodified text not included]
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