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1 Introduction
RAN2 has discussed details of the Scell Random access procedure since RAN2#75, specifically regarding how Msg2 (RA response) can be transmitted. At RAN2#75bis an LS was sent to RAN1 asking about the suitability of approaches that increase the total number of blind decodes. RAN2 has received a response from RAN1 [1] which indicates that increase in the number of blind decodes is not preferred. 

Below we discuss the implications of the RAN1 response and provide our views on the solutions under consideration.
2 Discussion

At RAN2#75bis, the following potential solutions were captured in the meeting minutes for transmission of the RA response [2]:

In the LS received [1], RAN1 states: “RAN1 would prefer not to increase the total number of blind decodes.” We make the following observations about solutions ‘a’ and ‘b2’:
· ‘a’ requires a common search space (CSS) on the SCell, which implies additional blind decodes.

· ‘b2’ has two variants:
· b2-1: Msg2 PDCCH is addressed to RA-RNTI on the scheduling SCell of Msg1.

· b2-2: Msg2 PDCCH is addressed to RA-RNTI on the PCell.

‘b2-1’ clearly requires a common search space on the Scell and additional blind decodes. ‘b2-2’ is the same as solution ‘b1’.
Solution ‘b1’ has the following variants:

b1-1 Msg2 PDCCH is addressed to RA-RNTI on CSS of PCell. Msg2 PDSCH (RAR message body) includes a “RACH carrier” field that indicates which SCell the RACH preamble was transmitted on. 
b1-2 Msg2 PDCCH is addressed to RA-RNTI on CSS of PCell. The Msg2 PDCCH includes a “RACH carrier” field that indicates which SCell the RACH preamble was transmitted on.
b1-3 Msg2 PDCCH is addressed to RA-RNTI on CSS of PCell. A mapping is defined from the RA-RNTI space to the set of SCells such that the RA-RNTI indicates the SCell on which the RACH preamble was transmitted.

Solution ‘b1-1’ changes the size of the RAR making it non-backwards compatible. This can result in pre-Release 11 UEs trying to decode Msg2 and failing.
Solution ‘b1-2’ requires that there be a common understanding between the network and all UEs of the RACH carrier field. Different UEs can have different sets of activated carriers, so having a common mapping from the RACH carrier field to the set of carriers can be challenging. Furthermore, ‘b1-2’ limits the ability to include RARs for multiple UEs in the same Msg2: only those RARs for Rel-11 UEs that performed RACH on one carrier in one particular RACH occasion can be included in the Msg2.
Solution ‘b1-3’ has all the limitations of ‘b1-2’ (difficulty in having a common understanding of the RACH carrier, limitations on including multiple RARs).
In addition, it should be noted that: 
· solutions ‘b1-1’, ‘b1-2’ and ‘b1-3’ require all Msg2s to be transmitted on the PCell, resulting in increased PDCCH load on the PCell; and
· solutions ‘b1-1’, ‘b1-2’ and ‘b1-3’ preclude contention based random access on SCell (although we do not believe that support of CBRA on SCells is essential, it is not agreed that it should be precluded).
Based on the above considerations, we do not favor solutions ‘a’, ‘b1’ and ‘b2’.
Temporary Common Search Space on SCell
[3] describes an approach that ensures that the total number of blind decodes is not increased. It consists of creating a ‘temporary CSS’ on the SCell by borrowing some blind decodes from the UE specific search space (UESS) for the SCell. The CSS is temporary because it is created only for an ongoing SCell RACH procedure. During the period when the temporary SCell CSS is active, the eNB restricts the PDCCH DCI formats it uses, which enables the UE to use some PDCCH blind decodes towards the CSS instead of the UESS.
Clearly, it is essential to have a common understanding between the UE and eNB regarding the points in time when the temporary SCell CSS interval starts and ends. The figures below illustrate this approach for contention free and contention based SCell RACH. The points in time at which the eNB would need to start and end its scheduling restrictions and the temporary SCell CSS interval are shown. During the temporary SCell CSS interval:

· the UE monitors the UESS of the SCell for a reduced set of DCI formats. The reduced set of DCI formats is known to the UE apriori (it is assumed that it is signaled to the UE or fixed in the specification); and
· the UE monitors a CSS of SCell for the Msg2 DCI format.

Different start and end times for the scheduling restriction and the temporary SCell CSS interval may be possible. For example, for the contention free RACH case, the eNB may be able to start the scheduling restriction upon reception of Msg1; however, this may not be possible for the contention based RACH case. 
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The following are our observations about the temporary CSS approach:
· One advantage of not increasing blind decodes on SCells is that the UE can reuse the DL PDCCH processing hardware from Release 10 for implementing the multi-TA feature (which is an UL CA enhancement). With the temporary CSS approach, this advantage is lost and a hardware modification in the UE, relative to Release 8/9/10, is required. This would also mean new additional PDCCH processing related test cases in Rel11 for multi-TA feature.
· Given that some DCI formats/CCE aggregation levels (in the UESS) cannot be used in the temporary CSS interval, some other functions and features are impacted. For example, whenever the UE sends an SCell RACH, the eNB will not be able to utilize some capabilities (e.g., MIMO) during the temporary CSS interval. At the very least, it will be necessary to have a detailed discussion (in RAN1) regarding the impact of temporary CSS and what the reduced set of DCI formats can be. 
· The duration for which the eNB has to apply the scheduling restriction increases rapidly if any messages in the sequence are lost. Specifically,
· Loss of the PDCCH order (a 1% probability event) causes the eNB to start the scheduling restriction, but the UE does not start the temporary CSS interval. The eNB has to retransmit the PDCCH order. 

· Loss of the RACH preamble (for example, due to inadequate power), increases the scheduling restriction duration by the duration between RACH occasions.

· Similarly, loss of Msg2 and Msg3 increase the duration of the scheduling restriction.

In general, it is not preferable to have a scheduling restriction (and consequently limit throughput) for a duration that is dependent on the success of an independent procedure.
· For the contention based RACH case, the eNB would need to rely on a HARQ Ack to Msg4 to confirm that the contention resolution procedure is complete at the UE. A Nack-to-Ack error on the HARQ feedback (albeit a low probability event) for Msg4 causes the eNB to restart the SCell RACH procedure by transmitting another PDCCH order. This makes the scheduling restriction duration much longer.
It is also important to note one other aspect about the frequency of SCell RACH. The purpose of the SCell RACH procedure is to obtain uplink timing for the SCell. It is not expected that the eNB will maintain uplink timing alignment on the SCell during periods when there is no uplink data to send on the SCell. Consequently, the UE may not be UL time aligned on the SCell even when it is UL time aligned on the PCell. As a result, it is possible that RACH on SCell is more frequent than RACH on the PCell. 
Based on all of the above, we do not consider the temporary SCell CSS approach to be suitable for Msg2 reception. Solution ‘b3’ does not have the limitations mentioned above and remains our preferred approach.
3 Summary
The RAN1 response LS [1] asks RAN2 to avoid a procedure that increases blind decodes. We have analyzed solutions ‘a’, ‘b1’,’ b2’ and ‘b3’ from the point of view of increased blind decodes and other issues. We have concluded that solutions ‘a’, ‘b1’ and ‘b2’ are not suitable either because they increase the total number of blind decodes or they have significant limitations.
We have also analyzed the temporary SCell common search space approach and found that it adds significant complexity. It also causes significant scheduling limitations for durations that can vary depending on the success of the RACH procedure. 
Proposal: Adopt solution ‘b3’ for SCell Random access. Whether support of contention based RACH on SCell is needed can be discussed further.
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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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