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1 Introduction
During RAN2#75, it was agreed that there is no UE-initiated RA procedure on SCells [1]. During RAN2#75bis, it was agreed that “PDCCH for msg2 on a different cell than Msg1” will be supported for SCells [2], and an LS was sent to RAN1 to inform of the decision [3].

During RAN1#67, RAN1 indicated in an LS reply [4] that CSS monitoring for SCells has some impact on physical layer procedures, following a discussion during which many companies were against any increase in blind decoding complexity and during which multiple solutions to maintain the current blind decoding complexity were discussed in case RAN2 decides that a CSS is needed for reception of msg2 on PDCCH of SCells [5]. RAN1 informed that it would be preferable not to increase the total number of blind decoding in order to enable monitoring of the CSS for SCells.

This contribution provides a comparison of different alternatives with respect to both the physical and the MAC layer.

In general, our view is that there is no strong motivation to support CBRA for SCells, as discussed in [6], and the complexity of the different solutions seems to indicate that a solution based on an 11-bit MAC TAC CE [7] received in a MAC PDU on any PDSCH scheduled with C-RNTI in the UESS is the simplest way forward, as proposed in [8].
2 Comparison of Alternatives for MSG2 Reception for SCells
2.1 Principles and previous agreements used when comparing different alternatives

Our understanding from the RAN1 discussion is that RAN1’s preference is to avoid any increase of the total UE blind decoding complexity, in particular for the sole purpose of supporting RACH on SCells and for CBRA without a strong use case. RAN2 may still however determine that RA-RNTI decoding in the CSS of a SCell should be supported for RACH on SCells. While it may be possible to handle the additional 6 to 12 blind decodes and any other related complexity as described below, it is not unlikely that RAN1 would have to introduce and specify additional UE behavior to maintain the current blind decoding complexity instead. This additional UE behavior may lead to unnecessary scheduler restrictions, and may even cause impact on data transmissions. For example, R1-113667 recognizes that the total number of blind decoding should not be increased, that any impact of RACH on SCells should be minimized, and suggests that RAN1 would consider introducing restrictions to blind decoding activity of the UE in UESS while the UE expects a RAR for in the CSS of a SCell.

Our view is that RAN2 should consider alternatives that have the smallest possible impact to physical layer procedures.

In addition, the following important principles should still be followed when discussing the way forward for scheduling and reception of msg2 for SCells, unless a strong motivation is found:
Principle 1 (R8): RA-RNTI represents a unique time-frequency resource, i.e. as per TS36.321“it unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble”.

If this principle is not followed, the probability of RA-RNTI collision in CSS will increase when msg2 is scheduled on the PDCCH of a cell (e.g. PCell) other than the SCell of the preamble transmission, unless some modifications are introduced to the derivation of the RA-RNTI for SCells.

As discussed in [6], the probability of RA-RNTI collisions and the overhead (with, correspondingly, the CSS blocking rate) will be further exacerbated if CBRA for SCells is supported. This is because the eNB will be required to transmit multiple RARs for each common preamble received following a PDCCH order to a UE to perform CBRA on a SCell.
Principle 2 (R10): Any SCell may be configured with cross-carrier scheduling.
As mentioned above, RAN2 has agreed that “PDCCH for msg2 on a different cell than Msg1”. RAN2 has thus agreed to maintain this principle, such that a SCell configured with PRACH may also be scheduled by a different serving cell of the UE’s configuration.
One implication is that a way forward for msg2 for SCells has to work for both a PCell and a SCell. For an alternative based on msg2 received with RA-RNTI in CSS (either PCell or SCell), a direct consequence is that the UE will be required to perform additional blind decoding in the SCell CSS.
Another implication is that if RAR is used as msg2, modifications will be required such that principles of cross-carrier scheduling are also applicable to the grant inside the MAC RAR. For an alternative based on msg2 received with RA-RNTI in CSS, the implications are either that a serving cell identity indicating to what cell the grant is applicable would have to be added in a backwards compatible manner inside the MAC RAR or alternatively modifications to DCI formats used with RA-RNTI will be required e.g. as follow:
· PCell as scheduling cell: Existing DCI formats 1A/1C would be modified to include a carrier indicator, thereby introducing new DCI format sizes and thus increasing the UE’s blind decoding to support the new DCI formats;

· SCell as scheduling cell: The UE would be required to decode modified format 1A/1C in the CSS of the SCell, thereby increasing the UE’s blind decoding to support CSS decoding for the SCell;

Principle 3: (R10): A given PDSCH/PUSCH may be scheduled by at most one PDCCH.
Given the RAN agreement that “PDCCH for msg2 on a different cell than Msg1”, one implication is that a way forward for msg2 scheduling excludes the alternative by which msg2 is always scheduled on the cell of the preamble transmission.
With this in mind, the following provides a list of the topics related to the msg2 scheduling and reception.
2.2 Aspects related to Scheduling of MSG2 
Support for self-scheduling and cross-carrier scheduling
RAN2 has agreed to support “PDCCH for msg2 on a different cell than Msg1” for SCells.
· Observation 1a: A way forward has to work for both the PCell and a SCell.

· Observation 1b: 
This excludes alternative A)
More specifically, this excludes the alternative by which msg2 is always scheduled with RA-RNTI on the PDCCH CSS of the SCell on which the preamble was transmitted. This alternative also breaks principle 3 above when other transmissions for the concerned SCell are scheduled by a different serving cell (i.e. the cell is not configured for self-scheduling). The alternative A) is thus not further discussed in the following comparison.
What PDCCH Search Space? CSS, or UESS?

· CSS of PCell: This will increase the DCI blocking rate in the CSS of the PCell.

· CSS of SCell: 
This requires the definition by RAN1 of a CSS for SCells, with related DCI decoding rules and priorities. It also increases the total UE’s blind decoding requirement by up to 12 blind decodes, unless new UE behavior and/or restrictions is included to maintain the same complexity.
· UESS of PCell/SCell: There is not impact to the total blind decoding complexity or to physical layer procedures.

· Observation 2: A sufficient and simple way forward is scheduling of msg2 using a DCI in the UESS.

What DCI scrambling? R8 RA-RNTI, R11 RA-RNTI, or C-RNTI?

· R8 RA-RNTI: 
Scheduling of msg2 in a different cell than that of the preamble transmission breaks principle 1 above, and increases the RA-RNTI collision rate in the cell’s CSS.

· R11 RA-RNTI: 
The R8 RA-RNTI may be extended to also include the serving cell identity in the calculation of the RA-RNTI, thereby avoiding an increase in RA-RNTI collision rate for the cell’s CSS.

· C-RNTI:
The C-RNTI can be used to schedule msg2 with CFRA, and is unambiguous.

· Observation 3: A sufficient and simple way forward is addressing msg2 using a DCI scrambled by C-RNTI.

What DCI format? DCI format 1A/1C or modified version of format 1A/1C?
DCI format 1A/1C: 
If cross-carrier scheduling is supported for the RAR grant, the existing DCI formats can only support cross-carrier scheduling with RA-RNTI if the RAR PDU (or grant inside) is modified to include a SCell index field. The RAR PDU is received on the PDSCH of the scheduling cell. 
Modified DCI format 1A/1C: 
If cross-carrier scheduling is supported for the RAR grant and the existing RAR PDU is used, new DCI formats would be needed with RA-RNTI such that a carrier indicator field is added to format 1A/1C. This would change the size of the DCI format, thereby increasing further the total UE’s blind decoding requirements by up to 12 blind decodes. The RAR PDU is received on the PDSCH of the scheduling cell.
· Observation 4: A sufficient and simple way forward is to reuse DCI format 1A/1C scrambled by C-RNTI.

2.3 Aspects related to Reception of MSG2
What PDU? RAR PDU or any MAC PDU?
· RAR PDU: 
As discussed in [8], if the RAR PDU is defined as a response to a preamble transmission for SCells, RAN1 would have to specify to what serving cell the grant and the CSI request in the RAR are applicable. This could be the PCell always (as for R10), the cell of the preamble transmission or the cell on which the scheduling of msg2 was received.
· MAC PDU:
As discussed in [8], only an 11-bit TAC is needed and may be piggybacked into a MAC PDU on any PDSCH transmission. HARQ would be applicable, allowing the network to determine whether or not the procedure for gaining UL timing alignment was successful even in the absence of a grant in msg2. HARQ would also compensate for the small loss in reliability of CSS compared to UESS. A longer msg2 reception could be used to account for a typical HARQ retransmission delay for UE-autonomous preamble retransmissions. Alternatively, preamble retransmissions and corresponding power ramping could also be modified to become under complete network control if tight dedicated preamble reuse and latency requirements are required.

One additional benefit is that msg2 as a MAC 11-bit TAC CE can be piggybacked on any PDSCH transmission for the concerned UE, thereby not necessarily requiring additional PDCCH signaling.

· Observation 5: A sufficient and simple way forward is to define msg2 as a MAC CE inside any MAC PDU.

Reception window and completion of RACH procedure

The RAR window provides a time period during which a UE expects to receive msg2. When that period expires and no RAR was successfully received, the UE initiate an autonomous preamble retransmission with increased power. When at least one preamble retransmission is needed, the eNB has less flexibility to issue a RAR with a shorter window in case of high cell load. Conversely, latency increases with a longer window when preamble retransmission(s) is needed.

For RACH on PCell, the RACH latency should be kept at a minimum as much as possible. However, the RACH latency for SCells should not be an issue, as it is used to activate additional uplink resources for PUSCH transmissions only (and SRS, if configured). Therefore, a longer RAR window should be acceptable in case msg2 is transmitted inside a MAC PDU to handle any possible HARQ retransmissions.
· Observation 6: 
The msg2 reception window for SCells does not have to be defined or configured as a function of any tight latency requirement or experienced cell load.

2.4 Summary for different alternatives under consideration in RAN2
	
	B1) Msg2 PDCCH with RA-RNTI (CSS) on PCell
	B2) Msg2 PDCCH with RA-RNTI (CSS) on scheduling P/SCell
	B3) Msg2 PDCCH with C-RNTI (UESS) on a cell with PDCCH

	Support for self/cross-CC scheduling
	Does not support self-scheduling of msg2.
	Supported.
	Supported.

	Support for msg2 reception in same/different cell as msg1
	Msg2 reception in same cell than msg1 requires modified DCI format 1A/1C and increases blind decoding complexity.
	Msg2 reception in same cell than msg1 requires modified DCI format 1A/1C and increases blind decoding complexity (cross-carrier scheduling only).
	Supported.

	Support for CBRA
	Duplicate RAR always (in PCell and SCell of preamble if also PCell for other UEs).
	Duplicate RAR (cross-carrier scheduling only).
	Not supported.

	Search Space
(CSS or UESS)
	Increases CSS blocking probability on PCell.
	Requires CSS on SCell.

Increases CSS blocking probability on SCell (if also PCell for other UEs).

Increases CSS blocking probability on PCell.

Increases blind decoding.
	No impact on CSS.

Marginal increase in PDCCH UESS blocking rate when not piggybacked on MAC PDU.

Lower PDCCH aggregation level may be used.

	DCI Scrambling
(R8 RA-RNTI, R11 RA-RNTI or C-RNTI)
	RA-RNTI ambiguous.

Requires changes to avoid breaking principle 1 and to avoid increasing RA-RNTI collision probability.
	For PCell/SCell (cross-carrier scheduling only), RA-RNTI ambiguous.

Requires changes to avoid breaking principle 1 and to avoid increasing RA-RNTI collision probability.
	No impact.

	DCI formats
	Possible impact, depending on how to support cross-carrier scheduling.
	Possible impact, depending on how to support cross-carrier scheduling.
	RAR PDU (only) requires change to RAN1 specification to support C-RNTI.

	Type of PDU

(RAR PDU, or MAC PDU)
	Grant and CSI request need to be clarified.

Requires SCell index in RAR PDU.
	For PCell (only), grant and CSI request need to be clarified.

For PCell (PCell only), requires SCell index in RAR PDU.
	RAR PDU (only): Grant and CSI request need to be clarified.

	Reception window
	No impact
	No impact
	MAC PDU (only) may allow longer window values to compensate for possible HARQ retransmissions.

	Completion
	No impact
	No impact
	MAC PDU (only): RACH for SCell completes when TAT is restarted. 

	Way forward
	Requires complexity in both RAN1 and RAN2 work.
	Requires complexity in both RAN1 and RAN2 work.
	Simple and sufficient approach.

MAC PDU more flexible approach than RAR PDU.


3 Conclusion
It is proposed that RAN2 consider the above when discussing msg2 scheduling and reception for SCells.

As discussed in our companion contributions, our view is that support for CBRA is not needed [6] and that for a preamble transmission for a SCell, the UE decodes scheduling information for msg2 on the PDCCH of any activated serving cell of the UE’s configuration using C-RNTI in the UE-specific Search Space (UESS) [8] where the msg2 is preferably a MAC 11-bit TAC CE included in any MAC PDU [6].
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