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1 Introduction
A work item on multiple carriers HSUPA was introduced in [1]. In the last RAN WG1 meeting (#60) some agreements were made with regard to this work item in [2]. However, some issues have not been discussed yet. In this document, we focus on one of these issues - synchronisation procedures for MC-HSUPA.
As proposed in [3], we think DPCH is not configured in MC-HSUPA. So we only discuss synchronisation procedures for MC-HSUPA without DPCH in this contribution.
2 Discussion
As defined in reference [4], the synchronisation procedure for HS-DSCH and E-PUCH operation without DPCH includes checking synchronization status, reporting synchronisation status and radio link monitoring. Now we will discuss each part of synchronisation procedure for MC-HSUPA without DPCH.
2.1 Checking synchronization status
In single carrier operation, for HS-DSCH and E-PUCH operation without DPCH, it is specified that the UE shall measure any of the following downlink physical channels to estimate downlink quality.

a)
HS-PDSCH

b)
HS-SCCH

c)
E-AGCH

For MC-HSUPA without DPCH, E-AGCH, HS-SCCH and HS-PDSCH downlink physical channels must be configured. So in this case, the UE can estimate downlink quality by measuring E-AGCH/HS-SCCH/HS-PDSCH. We do not see any need to change downlink physical channels which the UE shall measure to estimate downlink quality, so it is proposed that the UE shall measure all of the above channels configured on each carrier to estimate downlink quality.
Proposal 1:  For MC-HSUPA without DPCH, the UE shall measure HS-PDSCH/HS-SCCH/E-AGCH to estimate downlink quality.
For MC-HSUPA without DPCH, E-PUCH, HS-SICH and E-RUCCH uplink physical channels must be configured, so Node B can measure these uplink physical channels to estimate uplink quality.
Proposal 2:  For MC-HSUPA without DPCH, the Node B can measure all the uplink physical channels to estimate uplink quality.

2.2 Reporting Downlink Synchronisation Primitives
2.2.1 Single carrier operation
Layer 1 in the UE shall check the synchronization status of downlink physical channels and synchronisation status is indicated to higher layers, using the CPHY-Sync-IND or CPHY-Out-of-Sync-IND primitives.

The criteria for reporting synchronization status are defined in two different phases. 
The first phase lasts until the downlink shared channel is considered to be established by higher layers. During this phase, only in-sync shall be reported using the CPHY-Sync-IND primitive if at least one downlink physical channel with a CRC attached is received in the current sub frame with correct CRC.
The second phase starts after the downlink shared channel is considered established by higher layers. During this phase, if at least one downlink physical channel with a CRC attached is received in the current sub frame with correct CRC, In-sync shall be reported using the CPHY-Sync-IND primitive. If no downlink physical channel has been received with a correct CRC in the out-of-sync detection window period, Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive. Out-of-sync detection window period is configured by higher layers.
2.2.2 Multi carrier operation
For MC-HSUPA, synchronisation status is still indicated to higher layers using the CPHY-Sync-IND or CPHY-Out-of-Sync-IND primitives. The criteria for reporting synchronization status should also be defined in two different phases.
Proposal 3:  For MC-HSUPA, the criteria for reporting synchronization status are still defined in two different phases. The first phase lasts until the downlink shared channel is considered to be established by higher layers and only in-sync shall be reported using the CPHY-Sync-IND primitive. The second phase starts after the downlink shared channel is considered established by higher layers and both out-of-sync and in-sync are reported using the CPHY-Out-of-Sync-IND and CPHY-Sync-IND primitive.
According to Proposal 1, for MC-HSUPA without DPCH, the UE shall check synchronization status of all the HS-SCCH/E-AGCH/ HS-PDSCH physical channels. These physical channels can be configured on each carrier, so the optional ways for reporting synchronization status are：
· Per carrier. For each carrier on which HS-SCCH/E-AGCH/HS-PDSCH are configured, if at least one of the above downlink physical channel configured on this carrier is received in the current sub frame with correct CRC, in-sync shall be reported using the CPHY-Sync-IND primitive. If none of the above downlink physical channel configured on this carrier has been received with a correct CRC in the out-of-sync detection window period, Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive. 
· Per UE. For all HS-SCCH/E-AGCH/HS-PDSCH, if at least one of the above downlink physical channel configured on any carrier is received in the current sub frame with correct CRC, in-sync shall be reported using the CPHY-Sync-IND primitive. If none of the above downlink physical channel has been received with a correct CRC in the out-of-sync detection window period, Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive.
In RRC layer, as described in [5], for RLF, a timer T313 is started after receiving N313 consecutive out-of-sync indications from Layer 1. If this timer expires before N315 consecutive in-sync indications, a radio link failure (RLF) is declared. When the UE is configured with a new physical channel, RRC determines whether the physical channel is established when N312 “in-sync” indications in a T312 time period are received.
Form above description, reporting synchronisation status to higher layers is mainly used to judge whether RLF is triggered and physical channel is established. For Dual cell operation in FDD, radio link is defined per carrier. It is reasonable that the DL in-sync/out-of-sync primitives are informed the higher layers independently per carrier. But for MC-HSUPA in TDD, radio link is per UE. So we think the DL in-sync/out-of-sync primitives can not be informed the higher layers independently per carrier.
For option 1 above, it seems that it will make RRC and PHY more complex. Firstly, out-of-sync detection window period shall be started on each carrier in Layer 1. Secondly, if RRC receives N313 consecutive out-of-sync indications from any carrier, it will start a timer T313 and maintain the timer for each carrier. Obviously, it will take more complexity. Thirdly, compare to option 2, it will need more number of primitives between higher layers and Layer 1. The same problems exist in the Physical Channel Establishment procedure.
For option 2 above, Layer 1 only start one out-of-sync detection window for all carriers and just need to report the “united status” of all downlink physicals to higher layers with one primitive. In RRC layer, the operation for judging whether RLF is triggered and physical channel is established will keep as Rel8. It also has an advantage in the complexity of development and protocol modification.
From the above analysis, it is more simple and efficient for Layer 1 to adopt option 2. So we propose:
Proposal 4a:  For MC-HSUPA without DPCH, In-sync shall be reported using the CPHY-Sync-IND primitive if at least one HS-SCCH/E-AGCH/HS-PDSCH physical channel on all carriers with a CRC attached is received in the current sub frame with correct CRC.

Proposal 4b:  For MC-HSUPA without DPCH, Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive if no HS-SCCH/E-AGCH/HS-PDSCH physical channel on all carriers has been received with a correct CRC in the out-of-sync detection window period.

2.3 Reporting Uplink Synchronisation Primitives
2.3.1 Single carrier operation

Layer 1 in the Node B shall check synchronisation status of uplink physical channels. Synchronisation status is indicated to the RL Failure/Restored triggering function using either the CPHY-Sync-IND or CPHY-Out-of-Sync-IND primitive. The exact criteria for indicating in-sync/out-of-sync is not subject to specification.
2.3.2 Multi carrier operation
For MC-HSUPA without DPCH, Node B can check synchronisation status of all configured uplink physical channels. Synchronisation status is also indicated to the RL Failure/Restored triggering function using either the CPHY-Sync-IND or CPHY-Out-of-Sync-IND primitive. So same to reporting downlink synchronisation primitives, we propose reporting uplink synchronisation primitives have the similar criteria as for the downlink synchronisation status primitives.
Proposal 5： For MC-HSUPA without DPCH, In-sync shall be reported using the CPHY-Sync-IND primitive if at least one uplink physical channel on all carriers is in the in-sync state. Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive if no uplink physical channel on all carriers is in the in-sync state.
2.4 Radio link monitoring

2.4.1 Single carrier operation

For E-DCH operation without DPCH, the uplink shared physical channels are monitored by the Node B in order to trigger uplink radio link failure/restore procedures.
Node B shall start timer T_RLFAILURE after receiving N_OUTSYNC_IND consecutive out-of-sync indications. Node B shall stop and reset timer T_RLFAILURE upon receiving successive N_INSYNC_IND in-sync indications. If T_RLFAILURE expires, Node B shall indicate to higher layers the uplink shared physical channel is out-of-sync using the synchronization status primitives.
When the uplink shared physical channel is in the out-of-sync state, after receiving N_INSYNC_IND successive in-sync indications Node B shall indicate that the uplink shared physical channel has re-established synchronisation and the uplink shared physical channel’s state shall be changed to the in-sync-state.
2.4.2 Multi carrier operation
According to proposal 2, Layer 1 in Node B can check synchronisation status of all uplink physical channels. Synchronisation status is also indicated to higher layer in order to trigger uplink radio link failure/restore procedures. For TDD, radio link is per UE. So in MC-HSUPA, RL Failure/Restore shall not be triggered based on synchronisation status of uplink physical channels on each carrier.
Therefore, it is proposed that RL Failure/Restore procedures are triggered based on synchronisation status of all uplink physical channels and the associated variables and timers are configured and maintained commonly for all carriers.
Proposal 6：RL Failure/Restore procedures shall not be triggered based on synchronisation status of uplink physical channels on each carrier.
3 Conclusion

Based on our analysis, we provide the following considerations:
Proposal 1:  For MC-HSUPA without DPCH, the UE shall measure HS-PDSCH/HS-SCCH/E-AGCH to estimate downlink quality.
Proposal 2:  For MC-HSUPA without DPCH, the Node B can measure all the uplink physical channels to estimate uplink quality.

Proposal 3:  For MC-HSUPA, the criteria for reporting synchronization status are still defined in two different phases. The first phase lasts until the downlink shared channel is considered to be established by higher layers and only in-sync shall be reported using the CPHY-Sync-IND primitive. The second phase starts after the downlink shared channel is considered established by higher layers and both out-of-sync and in-sync are reported using the CPHY-Out-of-Sync-IND and CPHY-Sync-IND primitive.

Proposal 4a:  For MC-HSUPA without DPCH, In-sync shall be reported using the CPHY-Sync-IND primitive if at least one HS-SCCH/E-AGCH/HS-PDSCH physical channel on all carriers with a CRC attached is received in the current sub frame with correct CRC.

Proposal 4b:  For MC-HSUPA without DPCH, Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive if no HS-SCCH/E-AGCH/HS-PDSCH physical channel on all carriers has been received with a correct CRC in the out-of-sync detection window period.

Proposal 5： For MC-HSUPA without DPCH, In-sync shall be reported using the CPHY-Sync-IND primitive if at least one uplink physical channel on all carriers is in the in-sync state. Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive if no uplink physical channel on all carriers is in the in-sync state.

Proposal 6：RL Failure/Restore procedures shall not be triggered based on synchronisation status of uplink physical channels on each carrier.
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