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1 Introduction
This paper discusses the details of how to handle the random access response message, also denoted as message two (MSG2), when performing a random access procedure on an SCell.
The aim with this proposal is to use the existing random access procedure as a base and keep the functionality for random access on an SCell as similar as possible as the random access on a PCell.
2 Common or Dedicated MSG2
This chapter compares the characteristics for using a common or a dedicated message as MSG2 when performing random access on an SCell. The comparison is first made without regards to how the message is scheduled, see the next chapter for different alternatives on how MSG2 is scheduled and sent.

2.1 Common MSG2
For the Rel-10 random access procedure used on the PCell, the network will send a common message (MSG2) as a response to a preamble sent by the UE. The MSG2 will be scheduled with an RA-RNTI, and the message includes a number of random access responses (RAR), where each RAR is targeted at a unique UE. This way of handling MSG2 has the following characteristics:

· A number of random access responses can be included in the same MSG2 message, which will require little air interface resources for sending MSG2. Furthermore, since the PDCCH resource is a limited resource, then at high random access load when there is a need to send many random access responses at the same time it is an advantage that many RAR informational elements can be scheduled with the same PDCCH CCE resources. This means that many RAR can be sent in the same MSG2, and it is possible to configure the RA resources in the cells so that the likelihood of using the same RA-RNTI between different cells is high.
· An uplink grant is included in the RAR. This means that the UE will get uplink resources on this SCell very quickly and also that the UE will get a power control command (TPC) to adjust the uplink power before the UE starts to send SRS. Note that it is assumed that the UL grant contained in the MSG2 is valid for the cell where the preamble was sent.
· If the UE does not receive any MSG2 after sending a preamble (e.g. due to the preamble not being detected by eNB), or if the MSG2 sent by the eNB is not correctly decoded by the UE, the UE will perform a retransmission of the preamble within the RA Response window. Hence, this mechanism handles both decoding problems of the preamble and of the MSG2.
· Has the possibility to support contention based random access (CBRA).

· It is necessary for the UE to check whether it has been scheduled with RA-RNTI at the same time as it will check scheduling of normal data using its C-RNTI. This check however is in practice very simple (in effect an extra if-statement) and the additional complexity for the UE is insignificant.
2.2 Dedicated MSG2
An alternative that has also been discussed is to introduce a new MAC control element to be used as MSG2 for an SCell. This MAC control element would then be scheduled with a C-RNTI and is thus scheduled only for one specific UE. This way of handling MSG2 has the following characteristics:

· One unique MSG2 message is needed for each UE that has sent a preamble and are waiting for the response message. When there is a high random access load in the system then there is a need to send many random access responses at the same time, and this will require many PDCCH resources to be used for MSG2.
· CBRA is not supported.

· If  this new MAC control element contains an UL grant, as is the case for the RAR, then also the C-RNTI based approach will have the following characteristics:

· The UE will get uplink resources very quickly and also the UE will get a power control command (TPC) to adjust the uplink power before the UE starts to send SRS.

· HARQ retransmission cannot be used for this specific MAC control element since the UL grant can only be valid for one specific subframe, and thus if a HARQ retransmission were to be used the UL grant would no longer be valid.

· The question is when eNB can know that the random access procedure has succeeded. There seems to be two alternatives:

· When receiving an ACK from the UE for the random access response message.

· When having correctly decoded the uplink message which was scheduled in the random access response message.

If the eNB chooses the first alternative above, there is a risk that there will be incorrectly assumptions that a UE is in sync while in effect it is not, due to a miss detection of the preamble or due to NACK to ACK error. Also, using the first alternative means that the handling will be even more different from when performing random access on a PCell. Therefore, it is reasonable to assume that eNB implementations will ignore the HARQ A/N for the random access response message, since relying on it as an indication of successful random access completion is not as reliable as using the first uplink message.
· The timing when this MAC control element is scheduled in DL must be carefully controlled since it contains an UL grant that is valid at a certain time period after the MAC control element has been sent.

· If the new MAC control element does not contain an UL grant, then the C-RNTI based approach will have the following characteristics:

· Although HARQ retransmission would be possible in this case, it must be specified when HARQ retransmission should be used and when preamble retransmission should be used.
What shall we do in the case that the eNB has detected the preamble and sent a MSG2, but the UE fails to decode the message? The UE does not know that this message was intended as a MSG2, and so shall it resend the preamble or shall it rely on HARQ retransmission in the hope that it will eventually receive a MSG2? This case will require some careful specification of how to handle it when it occurs.
· The next UL grant should not be sent to the UE until an ACK for MSG2 has been received by the network, because otherwise the UE may not have had enough time to adjust its uplink transmission timing and it is not certain that the UE has correctly decoded the MSG2. Furthermore, the UE should not send SRS until it has received an UL grant with power control information, because otherwise SRS may be sent with incorrect power.
· It seems that the only way that the eNB can know when the random access has been successfully completed is when it receives an ACK for the random access response message. However, relying only on the ACK has the disadvantage that there will be cases of UEs that are assumed to be in sync when in effect they are not. This can happen either due to a misdetection of the preamble, or due to a NACK to ACK error.

3 Scheduling a common MSG2
This chapter describes different ways of how a common MSG2 may be scheduled and sent on different cells when performing random access on an SCell. For a dedicated MSG2 it can be scheduled and sent on any cell, just like a normal data message.
Scheduling MSG2 on another cell than the SCell on which the preamble is sent will require some kind of coordination of preamble resources used by both the SCell and the other cell. How to solve this preamble coordination is further discussed in section 3.2 in this chapter.
3.1 Different ways of how to schedule and send a common MSG2

The scheduling of MSG2 (PDCCH) and the actual sending of the data for MSG2 (PDSCH) can be done on different cells when performing random access on an SCell, as shown in Error! Reference source not found..
Table 1 Alternatives for location of Random Access MSG2 for SCell-X.
The preamble (MSG1) is assumed to be sent on SCell-X in all alternatives below.
	Alternative
	Msg2 PDCCH
	Msg2 PDSCH (RAR)
	Comments

	1
	RA-RNTI on SIB2-linked DL of SCell-X
	SIB2-linked DL of SCell-X
	CFRA/CBRA:

· Requires usage of CSS in SCells.

· Requires usage of a PDCCH on the SCell.

	2
	RA-RNTI always on PCell (independent on scheduling cell)
	SIB2-linked DL of SCell-X
	CBRA:

· Since the UE is not known when eNB receives the preamble, eNB cannot know for which cell MSG2 shall be scheduled, this requires some complex handling in eNB.

	3
	RA-RNTI on Scheduling serving cell of SCell-X. 

Note that this alternative includes alternative 1 for the case when the SCell is not cross-carrier scheduled.
	SIB2-linked DL of SCell-X
	CFRA/CBRA:

· Requires usage of CSS in the scheduling cell.

CBRA:

· If the scheduling cell is different from SCell-X, then since the UE is not known when eNB receives the preamble, eNB cannot know for which cell MSG2 shall be scheduled, this requires some complex handling in eNB.

	4
	RA-RNTI always on PCell
	PCell
	CBRA:

· Since the UE is not known when eNB receives the preamble, eNB cannot know for which cell MSG2 shall be scheduled, this requires some complex handling in eNB.


3.2 Handling of the preambles when performing random access on an SCell and using another cell for sending MSG2
When PDCCH of the MSG2 is sent on another cell than the SCell on which the preamble is sent, as is the case of alternatives 2, 3 and 4 in Table 1, some kind of handling must be done to support preambles to be used between different cells without colliding. The following options for how to do this preamble coordination are discussed:
a) Specify CIF scheduling for a RA-RNTI, and indicate for which cell the MSG2 will be sent on (SCell-X).

· This is not backwards compatible with rel-10 terminals and also it introduces a complexity of CIF scheduling on the CSS. Hence, not a realistic option.

b) Introduce a special value range for RA-RNTI that indicates for which cell the MSG2 is scheduled for (SCell-X).

· This option has the problem of how to encode RA-RNTI with the cell index. To uniquely encode a cell identity will require a larger value range to be used for the RA-RNTI. Since the cell identity must be unique within all cells controlled by the network and for all UEs, it is necessary that the cell identity must be encoded with a value that is larger than the maximum CIF identity.
c) Always include the real C-RNTI in the RAR message (in the Temporary C-RNTI field), and request the UE to also check that this C-RNTI corresponds with its own C-RNTI when performing random access on an SCell.

· A UE can verify that the included C-RNTI value is its own C-RNTI value before accepting a RAR, and hence it is possible to distinguish different Random Accesses between different SCells. However, Rel-10 terminals will not check the C-RNTI field of the RAR and will only check that the preamble is correct. This means that the same preamble cannot be used for a Rel-10 terminal performing Random Access on its PCell and terminals performing Random Access on one of their SCells.

d) Coordinate the usage of preamble resources between SCell-X and the cell on which the PDCCH is sent on, to make sure that the preambles are unique within both cells.

· Requires the eNB to coordinate the preambles between two cells, and will thus not be able to use preamble resources efficiently between cells. In the worst case it can be shown that the same CFRA preamble resource cannot be shared by any cells controlled by the same eNB.
From the above list, it is clear that option (a) is not a realistic alternative, and that option (d) may require too much coordination of the preamble resources between all cells used by the network. Hence, options (b) or (c) seem to be realistic alternatives that will allow efficient usage of preambles and still be compatible with Rel-10 terminals. Option (c) is quite simple to introduce, and would be the preferred alternative over option (b) if the coordination of the preambles can be handled without too much overhead or complexity.

It can be shown, see the example in 7.2 of the Annex, that with option (c) there is only a need to coordinate the usage of preambles between the following two groups of UEs:

· Rel-10 UEs performing CFRA on their PCell

· UEs performing CFRA on one of their SCells
Note that the coordination of the preambles is not needed between Rel-11 UEs performing random access on their PCell and other UEs performing random access on their SCell, because with option (c) we can require that when performing CFRA then Rel-11 and later UEs will always be required to check the Temporary C-RNTI field, independent on whether the cell is the PCell or an SCell.
4 Analysis

This chapter makes an analysis on the discussions above of how to perform random access on an SCell.

4.1 Analysis between Common and Dedicated MSG2

When comparing the common and the dedicated MSG2 it can be seen that a dedicated MSG2, apart from being possible to be scheduled on the UE Specific Search Space (USS), has no advantages compared with using the existing common MSG2, as can be seen in the following list of disadvantages of using a dedicated MSG2:
· Whether we choose to include or not include an uplink grant in MSG2, there will be problems with both of these solutions:

· Uplink grant included in MSG2:
It is necessary to strictly handle the timing for this message and no HARQ retransmission is possible. Hence, it means that the normal processing path for dedicated data in eNB cannot be used for such a message since the message requires special handling. Will increase the complexity of the scheduler.
· Uplink grant not included in MSG2:
There will be an additional latency while waiting for the next UL grant (see chapter 7.1 in the Annex), and it will be difficult to handle retransmissions depending on whether the preamble was lost or the MSG2 was lost. Furthermore, the detection of when the random access procedure is complete from the eNB side is not as reliable as the current random access procedure, and there will be cases when the eNB will assume a UE to be in sync when in effect it is not. When this incorrect state occurs in the system it will take some time before it is discovered and can be corrected by the eNB.
· One MSG2 message per random access preamble is needed, and this will increase the load on the PDCCH and the PDSCH channels. At high random access load the scheduling capacity for normal data will decrease.
· The complexity in the UE and in eNB will increase, due to the introduction of a new message which does the same thing as an already existing message, and this will result in extra test and design cost.

· The MAC specification must be extended with some special behaviour for the new MSG2 that will require a number of additional special cases in the existing random access procedure specification.

· CBRA is not possible to use together with a dedicated message.
In principle any CFRA could be implemented by using a dedicated MSG2. The reason why this has not been done before is because there has been no good argument for introducing a new type of random access procedure, and it has been considered simpler to just extend the existing random access procedure based on the RAR message.

Observation 1:
 Using the common RAR message for MSG2 has a number of significant advantages over using a dedicated MSG2.

The reason for performing random access on an SCell is to achieve more uplink radio resources and use these resources as quickly as possible to increase the data throughput in uplink. A power control command can also be included in this uplink grant to inform the UE of the required uplink power for the SCell. Therefore, it is logical that the uplink grant contained in the RAR message is valid for the SCell.
Proposal 1: The uplink grant contained in the RAR is valid for the cell where the preamble was sent.

4.2 Analysis of how to schedule MSG2 for an SCell

The alternatives that can be used for scheduling and sending MSG2 is largely depending on whether Common Search Space (CSS) for PDCCH is available on an SCell. An LS has been sent to RAN1 (see [1]) to request information about whether CSS can be supported on an SCell or not. The LS reply has been received (see [2]), and it says mainly that RAN1 has not reached a consensus on the needed complexity to support CSS on an SCell, and they want RAN2 to take this into consideration when deciding the RA procedure for MSG2.

In view of this answer, we will propose to first introduce Random Access on an SCell without requiring support for CSS. This requires the MSG2 to be scheduled on the PCell.
If we do not introduce support for CSS on an SCell, then according to Table 1 the alternatives that we have available are 2 and 4:

· Alternative 2: PDCCH sent on the PCell and PDSCH of MSG2 is sent on the preamble cell:
· The SCell may be configured already for cross-carrier scheduling where another SCell is used as the scheduling cell, and then using the PCell to schedule MSG2 sent on the SCell is not so logical.

· If the reasons for having cross-carrier scheduling of the SCell is because of interference of the PDCCH channel, then the PDSCH channel may no be robust enough for sending the MSG2.
· Alternative 4: PDCCH sent on the PCell and PDSCH of MSG2 is sent on the PCell:
· Both the PDCCH and the PDSCH is sent on the PCell. This is logical since it is like a normal scheduling of data on the PCell.

Hence, when comparing alternative 2 and 4 the alternative 4 is more logical to use when scheduling and sending MSG2 for an SCell, because this alternative is just like a normal transmission of a common message on the PCell.
Proposal 2: PDCCH and PDSCH of MSG2 are sent on the PCell when performing random access on an SCell.

When scheduling MSG2 on another cell than the SCell on which the preamble was sent, as is required by alternative 4, it is necessary to handle the coordination of the preambles between the two cells. According to the options listed in section 3.2, option (c) is easy to implement and will allow a reasonable efficient usage of the preambles, because with option (c) the usage of the preamble resources for CFRA is used in an optimal way without requiring any complicated solutions.

Proposal 3: When receiving the RAR message on PDSCH, the UE is required to verify that the Temporary C-RNTI field in the RAR corresponds with its own C-RNTI.

It would seem unlikely that there will be any shortage of preamble resources if option (c) is chosen. But if in the future there is a need to increase the preamble usage even more, then it is possible to enhance the current proposed solution with the following extension:
· It is possible to encode within the RA-RNTI whether a UE is performing random access on a PCell or on an SCell, and with such a solution there will be no need to coordinate the preambles between any cells. See the example in 7.3 of the Annex for an example of a simple way of extending the RA-RNTI.
· Introduce CBRA also when performing random access on an SCell. This can be introduced for instance by scheduling and sending MSG2 on the SCell on which the preamble was sent.
Observation 2: It is possible to further optimize the usage of preambles when performing random access on an SCell if it is needed in the future.
Scheduling MSG2 on the PCell means that in many deployments where UEs are randomly distributed and uses different cells as their PCell there will be a good distribution of the need to schedule MSG2 on different cells. For deployments where there is a non uniform distribution of UEs and where certain cells are more likely to be PCells, there will be more MSG2 messages scheduled on those cells that are mostly used as PCells. It would seem that there may be a problem to schedule too many MSG2 messages on just a few cells, for random accesses performed in many cells. However, it can be shown that by simply waiting one or a few subframes, the likelihood of collision of the RA-RNTI is very high, and therefore there is only a need for a very few PDCCH messages per subframe to still be able to handle many RAR messages, since many RAR messages can then be sent using the same RA-RNTI. Hence, if there is a need to schedule a number of random access responses for different RA-RNTIs within one subframe in a PCell, then the eNB can distribute the scheduling of these RA-RNTIs during the next subframes, and this is normal scheduling done already today. If more random access responses will be requested for scheduling after the current subframe, then it is very likely that some of them will have the same RA-RNTI as a random access response waiting to be scheduled. In this way it is not difficult to show that the scheduling of PDCCH resources on the PCell is scalable and is efficient when many random accesses are performed at the same time, since then there is a higher possibility of RA-RNTI collisions.
Observation 3: Even if only a few PDCCH common messages can be scheduled per subframe on a PCell, it is still possible to support many RAR messages to be sent on the PCell. 
5 Summary
Observation 1:
 Using the common RAR message for MSG2 has a number of significant advantages over using a dedicated MSG2.

Proposal 1: The uplink grant contained in the RAR is valid for the cell where the preamble was sent.
Proposal 2: PDCCH and PDSCH of MSG2 are sent on the PCell when performing random access on an SCell.

Proposal 3: When receiving the RAR message on PDSCH, the UE is required to verify that the Temporary C-RNTI field in the RAR corresponds with its own C-RNTI.

Observation 2: It is possible to further optimize the usage of preambles when performing random access on an SCell if it is needed in the future.
Observation 3: Even if only a few PDCCH common messages can be scheduled per subframe on a PCell, it is still possible to support many RAR messages to be sent on the PCell. 
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7 Annex
7.1 Timing from SCell activation until sending an uplink message
The following picture compares the timing from SCell activation and until the first UL message is sent on the SCell where the Random Access is performed for three different ways of handling MSG2:

· Contention Free Random Access using a RAR, sent in a common MSG2
· Contention Based Random Access using a RAR, sent in a common MSG2
· Contention Free Random Access using a dedicated MSG2 (with no included UL grant)
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7.2 Preamble coordination when sending MSG2 on the PCell
If sending MSG2 on the PCell when performing random access on an SCell, there is a need for coordination of the preambles between the PCell and the SCell. However, by including the real C-RNTI in the RAR message (in the Temporary C-RNTI field), and request the UE to always check that this C-RNTI corresponds with its own C-RNTI, there will be a much simpler coordination required. The following example illustrates the need for preamble coordination for three different cases:

UE1: uses CellA as its PCell, and CellB as an SCell.

UE2: uses CellA as its PCell, and CellC as an SCell.

UE3: Rel-10 UE that uses CellA as its PCell.

1. UE1 and UE2 perform random access on different SCells at the same time, using the same PCell:


UE1 performs random access on CellB, receiving MSG2 on its PCell (CellA)


UE2 performs random access on CellC, receiving MSG2 on its PCell (CellA)



==> In this case the same preamble can be used in CellB and CellC, since the UEs will check their C-RNTIs.

2. UE3 performs random access on its PCell, and UE2 performs random access on its SCell using the same PCell as UE3:


UE3 performs random access on its PCell (CellA)


UE2 performs random access on CellC, receiving MSG2 on its PCell (CellA)



==> In this case different preambles must be used in CellA and CellC, since UE3 will not check its C-RNTI.

3. UE3 performs random access on its PCell, and UE1 and UE2 perform random access on different SCells at the same time using the same PCell as UE3:

UE3 performs random access on its PCell (CellA)


UE1 performs random access on CellB, receiving MSG2 on its PCell (CellA)


UE2 performs random access on CellC, receiving MSG2 on its its PCell (CellA)

==> In this case the preamble used in CellA must be different from the preambles used in CellB and in CellC. The preambles used in CellB and in CellC can still be the same.

As the example shows, it is clear that the preambles can be handled as follows:

· For UEs performing random access on different SCells using the same PCell for MSG2, there is no need to coordinate the preambles between any cells.

· For UEs performing random access on the same cell as their PCell, there is a need to coordinate the preambles within the same cell (as today).

· There is a need to coordinate the CFRA preambles between the following two groups of UE:s:

· UEs performing random access on their SCells.

· UEs performing random access on their PCell.

7.3 RA-RNTI indicating random access on a PCell or on an SCell
In the proposal in this document it is required that the preamble usage is coordinated between the following sets of users:

· UEs performing CFRA on their PCell

· UEs performing CFRA on one of their SCells
It is possible to further optimize the usage of the preambles so that the UE will know whether the MSG2 is intended for a PCell or an SCell. This can be done by encoding this information in the RA-RNTI. For instance, by increasing the RA-RNTI value range so that half of the values indicate random access on the PCell and the other half indicates random access on an SCell, it is possible to differentiate between these two groups of random accesses, as follows:

( Formula for calculating RA-RNTI: RA-RNTI= 1 + t_id+10*f_id + 60*is_SCell,

where is_SCell = 0 when performing RA on a PCell and 1 when performing RA on an SCell.

The value range for RA-RNTI is thus:
· RA-RNTI values: 1 .. 60 indicate random access on a PCell.

· RA-RNTI values 61 .. 120 indicate random access on an SCell.
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