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1. Introduction
In RAN2#75bis meeting and the Email Discussion on CA scenarios and resulting requirements [1], the following 4 options for Msg2 location for SCell RA are discussed. 
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To support PDCCH-less carriers when future carrier types (e.g. extension carriers) are introduced or for avoiding interference on PDCCH in HetNet depolyment, RAN2 has agreed that PDCCH for Msg2 on a different cell than Msg1 will be supported (cross carrier scheduling) and an LS is sent to RAN1 in RAN2#75bis asking them about the impact of blind decoding of RA-RNTI on SCells [2]. 

In this contribution, we discuss these options and give our preference. Furthermore, we present some details on option b3. 

2. Discussion
2.1. Solutions analysis
For the above option b1 and b2, where Msg2 PDCCH is addressed to RA-RNTI, there is an issue with Msg2 ambiguity. The following 3 sub-level solutions for this are brought up [1] to solve it:
Alt 1) eNB (sub-level) solution

· eNB ensures that, for a particular RA preamble ID of the dedicated RA preamble range, there is only one RA procedure ongoing across the set of carriers that can be aggregated

Alt 2) extended RAR (sub-level) solution

· RAR is extended to also (explicitly) indicate the cell index / PCI where Msg1 was sent

Alt 3) extended RA-RNTI range (sub-level) solution

· RA-RNTI range is extended and used to implicitly indicate the carrier where Msg1 was sent

It can be seen that the Alt1 has too much restriction on eNB’s initialization for RA procedure and reduces the number of simultaneous RA procedures. The drawback of Alt1 is obvious. 

Alt2 has backward compatibility issues. At present, a RAR MAC PDU may carry multiple RARs for UEs who sends RA preambles on the same PRACH resources. If Alt2 is used, the eNB has to avoid sending the RAR for a Rel-8 UE together with the RAR for a Rel-11 UE. Otherwise, the Rel-8 UE cannot receive its RAR correctly. 
Alt3 has significant specification impact on RA-RNTI calculation. Furthermore, the efficiency of PDCCH resources might be degraded. For example, if a Rel-8 UE’s RA and a Rel-11 UE’s RA were initiated and the two UEs send their respective RA preambles on the same PRACH resource at the same time, eNB would derive 2 different RA-RNTIs, among which one is computed according to Rel-8 RA-RNTI formula and the other is the extended RA-RNTI considering the carrier where Msg1 is sent. Thus two PDCCH are needed to address these two RA-RNTIs instead of one PDCCH. 
In addition, with solution b1 and b2, a UE need to monitor two RNTIs at the same time, i.e. RA-RNTI on the PCell/on a scheduling P/SCell for RAR and C-RNTI on a scheduling P/SCell for data, which increase power consumption compared to option b3.
On the other hand, option b3 might have lower PDCCH efficiency due to scheduling only one UE at a time. However, it is agreed that RA on SCell is always initiated by PDCCH order from eNB, thus eNB should have evaluated PDCCH resource on the scheduling cell when sending PDCCH order to the UE. So we assume that PDCCH resource limitation for Msg2 is not a big issue. With option 3, a UE does not need to detect CSS on SCell (the benefits depend on response from RAN1). Moreover, higher reliability is ensured due to HARQ operation which might be introduced for Msg2 and reduced RAR TB size by removing some unnecessary fields. The signalling overhead is relatively low and the access latency might be lower. Option b3 has some specification impact on RA response reception procedure, while we assume that the impact is acceptable compared to the benefits.

Thus we propose option b3 for Msg2 location for SCell RA.

Proposal 1: Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH. 
2.2. Size of RAR window
According to section 5.1.4 of [3], once the RA preamble is transmitted and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH for RAR, in the RA Response window which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes. 

Currently, the value range for ra-ResponseWindowSize is decided depending on RA-RNTI which is unique within a radio frame (10 ms). When UE’s C-RNTI is used to address RAR for SCell RA, the length of ra-ResponseWindowSize need not be limited to less than 10ms and it should take asynchronous HARQ retransmission time into account, since HARQ could be used for Msg2 transmission for more gain.
Proposal 1-1: The size of RAR window should consider asynchronous HARQ retransmission time.
2.3. Format of Msg2 with option b3
2.3.1 Current RAR MAC PDU format
Below is an excerpt of current RAR MAC PDU format from section 6.1.5 of [3]. 
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Figure 6.1.5-1: E/T/RAPID MAC subheader
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Figure 6.1.5-2: E/T/R/R/BI MAC subheader
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Figure 6.1.5-3: MAC RAR
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Figure 6.1.5-4: Example of MAC PDU consisting of a MAC header and MAC RARs
2.3.2 New RAR MAC PDU format for SCell RA
When Msg2 PDCCH is addressed to C-RNTI for Scell RA, new RAR MAC PDU is required. Below we analyze if the existing fields are necessary to the new RAR MAC PDU. 
2.3.2.1 RAP ID

The RAP ID field identifies the transmitted Random Access Preamble. RAP ID is designed to differentiate RA attempts from multiple UEs who sent RA preambles on the same PRACH resource. When Msg2 PDCCH is addressed to C-RNTI which could identify the UE uniquely in the cell, RAP ID is not necessary to the MAC subheader for RAR MAC PDU for SCell RA. 
Proposal 1-2: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, RAP ID field could be removed from the corresponding RAR.

2.3.2.2 BI

The Backoff Indicator field identifies the overload condition in the cell. Since  the RA on SCell is always initialized by eNB by sending PDCCH order, the eNB typically has evaluated the load on the cell that UE attempt to access when deciding to send PDCCH order to a UE. Thus, it is most likely that eNB would not send Backoff Indication in RAR, if the eNB has sent PDCCH order to the UE. Thus, the field Backoff Indication is not necessary.
Proposal 1-3: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, BI field could be removed from the corresponding RAR.
2.3.2.3 Timing Advance Command

Timing Advance Command field indicates the index value used to control the amount of timing adjustment that UE has to apply. When a UE sends a RA preamble in one of the SCell in SCell-only TAG, eNB could inform UE the time advance for this TA group by this field. So the Timing Advance Command field should be kept for SCell RA. 
Proposal 1-4: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, Timing Advance Command field should be kept in the corresponding RAR.
2.3.2.4 UL grant

UL grant field indicates the time and frequency resources to be used on the uplink. For contention free RA, the contention is resolved at msg2, so it might be not important to include the UL grant field in RAR. The eNB could just schedule subsequent UL transmission from the UE by sending PDCCH with UL grant, if the UE has UL data to transmit.
Proposal 1-5: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, UL grant field could be removed from the corresponding RAR. 
2.3.2.5 Temporary C-RNTI

The Temporary C-RNTI field indicates the temporary identity that is used by the UE during Random Access. This field is used in contention-based random access. For contention free random access, it is not useful and could be omitted. 
Proposal 1-6: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, Temporary C-RNTI field could be removed from the corresponding RAR. 
2.3.2.6 New MAC PDU format
By PDCCH addressing RA-RNTI in Rel-8, one RAR MAC PDU can include multiple RARs for UEs sending RA preambles on the same PRACH resource. When Msg2 PDCCH is addressed to C-RNTI for Scell RA, PDCCH could only address one UE’s C-RNTI, so one RAR MAC PDU could only include RAR for one UE. 
According to the field analysis above, we propose to adopt a new RAR MAC PDU format as following. 
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Figure 1 MAC RAR
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Figure 2 MAC RAR PDU
Proposal 1-7: Design a new RAR MAC PDU format for SCell RA. 

2.4. Contention based RA on SCell

For the PDCCH order initiated RA procedure, the eNB can guarantee the availability of dedicated preamble in most of the time. Even in the case when the number of reserved dedicated preambles is limited, eNB can postpone the initiation of RA procedure by delaying the transmission of PDCCH order. This delay should be acceptable for the data services. In this sense, the possibility of contention-based RA procedure can be excluded from the standardization point of view. This can help to simplify the UE and network implementation.

Besides, if we decide to adopt option b3, i.e. Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH, contention based random access on SCell would not be supported. Thus there would be only contention free random access on SCell. We propose that
Proposal 2: Contention based RA procedure on SCell does not need to be supported in Rel-11. 
3. Conclusion

Based on the analysis in section 2, we give the following proposals:
Proposal 1: Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH. 
Proposal 1-1: The size of RAR window should consider asynchronous HARQ retransmission time.

Proposal 1-2: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, RAP ID field could be removed from the corresponding RAR.

Proposal 1-3: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, BI field could be removed from the corresponding RAR.

Proposal 1-4: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, Timing Advance Command field should be kept in the corresponding RAR.
Proposal 1-5: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, UL grant field could be removed from the corresponding RAR. 
Proposal 1-6: When Msg2 PDCCH is addressed to C-RNTI for Scell RA, Temporary C-RNTI field could be removed from the corresponding RAR. 
Proposal 1-7: Design a new RAR MAC PDU format for SCell RA. 

Proposal 2: Contention based RA procedure on SCell does not need to be supported in Rel-11. 
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PDCCH for Msg2 on same cell as Msg1 (SIB2-linked):


a) Msg2 PDCCH addressed to RA-RNTI (CSS) on the same SCell as Msg1?





PDCCH for Msg2 on different cell than Msg1 possible (PDCCH-less SCell-only TA group supported):


b1) Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell?


b2) Msg2 PDCCH is addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1?


b3) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH?
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