3GPP TSG RAN WG1 Meeting #76
R1-140488
Prague, Czech Republic, 10th – 14th February 2014
Agenda Item:
7.2.5
Source: 
NEC
Title:
On separate PUCCH and RA procedure for SeNB in dual connectivity
Document for:
Discussion and Decision
1. Introduction
For the recent approved Dual Connectivity (DC) RAN2-led work item [1] and the inter-node radio resource aggregation technique described in [2], baseline assumptions on the target deployment scenario, backhaul signalling and UE Rx/Tx capability that should be focused on for this WI are:
· Small cell scenario #2 (different carrier frequencies between macro and small cells)

· Non-ideal backhaul signalling

· Multiple Rx/Tx UE (simultaneous downlink reception and uplink transmission in one subframe)
Some general frameworks and definitions (relevant to L1) described in [2] for DC:

· A term "dual connectivity" is used to refer to operation where a given UE consumes radio resources provided by at least two different network points (MeNB and SeNB) connected with non-ideal backhaul.
· In dual connectivity, a UE is connected to one MeNB and one SeNB.
· In the form of dual connectivity, the technology potential of inter-node radio resource aggregation for Scenario #2 (different carrier frequencies between macro and small cells) is justified. An illustration diagram from [2] is duplicated in Figure 1.
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Figure 1: Inter-node radio resource aggregation for dual connectivity.
· Depending on realization of this solution, signalling overhead towards the CN can potentially be saved by keeping the mobility anchor in the macro cell as described in subclause 5.2.3 [2].
· Carrier aggregation is supported in the MeNB and the SeNB. I.e., the MeNB and the SeNB may have multiple serving cells for a UE.
· The maximum total number of serving cells per UE is 5 as for carrier aggregation.
· A TAG may only comprise cells of one eNB.
· MCG and SCG may operate either in the same or in different duplex schemes.
· Whether cells within the MCG or the SCG can operate with different duplex schemes is pending RAN1 decision on TDD/FDD carrier aggregation.
Based on the above frameworks and baseline assumptions set out by RAN2, we provide some considerations on existing L1 functions needed or can be reused, and identify additional L1 features needed in the secondary-eNB (SeNB)to support the operation of dual connectivity. We specifically focus on the features of separate PUCCH and random access procedure in SeNB.
2. Physical layer functions for dual connectivity
One main baseline assumption about DC operation is the “non-ideal backhaul” signalling and coordination between the MeNB and SeNB. Based on the backhaul signalling characteristics described in [3], backhaul latency (one way) could be up to 60ms in a typical widely used in the market. This delay makes dynamic network configuration between the two eNBs very difficult as certain PHY layer response timings from the eNB to UE are often designed to be within just a few milliseconds.
2.1. Separate PUCCH in SeNB

Main functionalities of a PUCCH (from Rel-8 to Rel-11) are to carry scheduling request (SR), HARQ-ACK and CSI reports for multiple UEs in a cell operating single carrier and CA operating modes. Different PUCCH formats are developed over time for different purpose. As already stated in the RAN2 TR [2] and also captured in the RAN2 LS [4], “At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources.”, and given that CA is supported in the MeNB and SeNB (DC+CA), it is necessary continuing to support all existing PUCCH formats in Rel-11 for the PUCCH in SeNB. Additionally, since there will be two distinct schedulers located in Master and Secondary eNBs individually, unlike the case in CA, it would be more efficient to send separate request to the MeNB and SeNB schedulers to avoid any misinterpretation. This is also necessary considering the non-ideal backhaul between the eNBs.
Proposal 1: All existing PUCCH formats (1, 1a, 1b with/without channel selection, 2, 2a, 2b and 3) shall be supported in the SeNB PUCCH.

Proposal 2: SR resources shall be reserved and configured on the SeNB PUCCH to UE and it can only be used for requesting scheduling grant in SCG cells with UL configured. 
In addition to the RAN2 agreement “The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled”, as part of minimising L1 specification support needed for DC, the following principles should also be followed:
· Separate UCI transmission for MCG and SCG cells. That is, MeNB PUCCH and SeNB PUCCH only carry SR, HARQ-ACK and CSI reports for MCG and SCG cells, respectively. 

· Multiple serving cells from the same eNB for a UE need to be carrier aggregated.
· Serving cells that belong to different eNBs cannot be carrier aggregated.
· Up to 2 CAs (one CA for MCG cells and one CA for SCG cells) can be configured for a UE.
· TDD-FDD CA within the same eNB is supported.
· A serving cell can cross-carrier schedule another serving cell for a UE only if they belong to the same cell group.
Proposal 3: It is recommended the above listed principles should be made as working assumptions or agreements in RAN1.
2.2. Random access procedures (preamble transmission in SeNB)
Firstly, as MeNB should be used as the mobility anchor in dual connectivity and SeNB is configured by the MeNB for additional serving cell(s) for a UE to enhance the per-user throughput, this type of operation is almost the same to the existing CA operation from the L1 point of view. Therefore, the existing contention based and contention free random access procedure(s) for the CA PCell can essentially be reused for MeNB in dual connectivity. Similarly, the existing PRACH resource configurations, time-frequency structure and PRACH preamble sequences generation can be reused as well without any specification change for DC.
Observation 1: Random access procedure(s) currently used in the CA PCell can be directly reused for the MeNB in dual connectivity. It seems no changes or enhancements are needed to support dual connectivity.
Observation 2: The existing PRACH resource configurations, time-frequency structure and PRACH preamble sequences generation can be reused as well without any specification change for DC.

The overall random access procedure involves not only L1 but also the MAC layer message exchange. But from L1’s perspective, the random access procedure described in [5] Sec 6 can be applied without any additional changes to support DC operation, at least for the case of non-overlapping preamble transmission. For the overlapping case, this is discussed in [6].
Proposal 4: No PRACH specification change in TS36.211 Sec. 5.7 is needed to support dual connectivity.
Proposal 5: No specification change in TS36.213 Sec. 6 is needed on random access procedure to support dual connectivity, at least for non-overlapping preamble transmissions.
In CA for a non-collocated SCell and an UL CA capable UE configured with multiple TAGs, the Rel-11 random access procedure in many ways can be reused for dual connectivity. In the following, a general RA procedure for this non-collocated SCell is described before discussing some differences required for DC. Note that contention resolution is omitted here for simplicity.
Msg1 – When RA procedure is initiated by a PDCCH order, DCI format 1A with CRC scrambled by C-RNTI and consists of preamble index and Mask index is provided by the eNB.

· The PDCCH order could be sent on PDCCH or EPDCCH via self-scheduling (SCell) or cross-carrier scheduling (PCell) using the carrier indication field to find out which cell to send preamble.

– UE L1 gets a preamble index, received target power, RA-RNTI, PRACH configuration and frequency offset from its MAC layer.
· L1 determines preamble sequence and transmit power (PPRACH), then transmits PRACH preamble on the SCell UL carrier.

Msg2 – UE monitors RAR response on “PCell CSS” for DCI format with CRC that is scrambled with RA-RNTI within the configured RA response window (max 10ms) + 3 subframes

· If response not received within the response window, power ramping could be applied in the next preamble transmission.
· If response received, decode the 20-bit UL grant transmitted in DL-SCH/PDSCH from either the PCell or SCell to find out among others the UL delay and TPC for PUSCH transmission (Msg3 for further communication e.g. contention resolution).
According to RAN2 agreements in their recent LS in [4]:
· RAN2 intends to support Contention Based Random Access for the Secondary eNB

· RAN2 agreed that the UE receives Msg2 from the eNB to which the preamble was sent.

· With regarding to parallel Random Access procedures, one for Master eNB and the other for Secondary eNB, RAN2 agreed that it is supported if the two preamble transmissions are not overlapping. However RAN2 has not concluded for the other case, i.e. when the two preamble transmissions are overlapping

It is clear for dual connectivity, the followings should at least be supported from L1’s perspective on the SeNB serving cell:
· PRACH resources on the UL shall be reserved and configured to UE (preferably the same time/frequency structure as legacy and configuration via SeNB SIB-2), and
· PDCCH CSS for carrying DCI formats with CRC scrambled by RA-RNTI (RAR Msg2).
With further agreement in RAN2 regarding the cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled; we envisioned the follow RA procedure for the dual connectivity SeNB in the following with yellow colour highlighting differences to the procedure currently used for CA SCell in the above.
Msg1 – When RA procedure is initiated by a PDCCH order, DCI format 1A with CRC scrambled by C-RNTI and consists of preamble index and Mask index is provided by the eNB.

· The PDCCH order can be sent on PDCCH or EPDCCH via self-scheduling (SeNB serving cell) only.
– UE L1 gets a preamble index, received target power, RA-RNTI, PRACH configuration and frequency offset from its MAC layer.

· L1 determines preamble sequence and transmit power (PPRACH), then transmits PRACH preamble on the SeNB UL carrier.

Msg2 – UE monitors and decodes RAR response on “PDCCH CSS of the SeNB serving cell to which the preamble was sent” for DCI format with CRC that is scrambled with RA-RNTI within the configured RA response window (max 10ms) + 3 subframes

· If response not received within the response window, power ramping could be applied in the next preamble transmission.

· If response received, decode the 20-bit UL grant transmitted in DL-SCH/PDSCH on the SeNB serving cell to which the preamble was sent to find out among others the UL delay and TPC for PUSCH transmission (Msg3 for further communication e.g. contention resolution).

As can be seen, from doing such, the random access procedure on MeNB and SeNB can be independent to each other. This decoupling of RA procedure is necessary to avoid any coordination between the eNBs, since timely coordination within the 13ms response window over the non-ideal backhaul would not be feasible. Additionally, the MeNB does not need to have any knowledge about SeNB the PRACH related parameters. These are particularly important to support the parallel Random Access procedures agreement made in RAN2.
Proposal 6: PDCCH CSS shall be supported on one of SCG cells that has configured with UL carrier for carrying at least Msg2 RA response (RA-RNTI).

3. Conclusion 

In this contribution, we provided discussions and analysis of necessary L1 functionalities to support separate PUCCH transmission and random access procedure in SeNB for the operation of dual connectivity.
For separate PUCCH transmission in SeNB, we proposed the followings:
Proposal 1: All existing PUCCH formats (1, 1a, 1b with/without channel selection, 2, 2a, 2b and 3) shall be supported in the SeNB PUCCH.

Proposal 2: SR resources shall be reserved and configured on the SeNB PUCCH to UE and it can only be used for requesting scheduling grant in SCG cells with UL configured. 

Proposal 3: It is recommended the following principles/frameworks should be made as working assumptions or agreements in RAN1.
· Separate UCI transmission for MCG and SCG cells. That is, MeNB PUCCH and SeNB PUCCH only carry SR, HARQ-ACK and CSI reports for MCG and SCG cells, respectively. 

· Multiple serving cells from the same eNB for a UE need to be carrier aggregated.

· Serving cells that belong to different eNBs cannot be carrier aggregated.

· Up to 2 CA operations can be configured for a UE.

· TDD-FDD CA within the same eNB is supported.

· A serving cell can cross-carrier schedule another serving cell for a UE only if they belong to the same cell group.

For random access procedure in SeNB, we have the following observations and proposals:
Observation 1: Random access procedure(s) currently used in the CA PCell can be directly reused for the MeNB in dual connectivity. It seems no changes or enhancements are needed to support dual connectivity.

Observation 2: The existing PRACH resource configurations, time-frequency structure and PRACH preamble sequences generation can be reused as well without any specification change for DC.

Proposal 4: No PRACH specification change in TS36.211 Sec. 5.7 is needed to support dual connectivity.

Proposal 5: No specification change in TS36.213 Sec. 6 is needed on random access procedure to support dual connectivity, at least for non-overlapping preamble transmissions.

Proposal 6: PDCCH CSS shall be supported on one of SCG cells that has configured with UL carrier for carrying at least Msg2 RA response (RA-RNTI).
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