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1 Introduction
So far, RAN2 has made the following options about the location of the random access (RA) response when the RA preamble is transmitted to the Scell in order to further support multiple timing advances in the carrier aggregation, quoted from [1],

“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?”

Among the options above, it was observed that some options, i.e., a and b2, require the additional UE’s blind decoding on the Scell that is not required in the release 10. RAN2 has sent the LS to RAN1 on whether the reasonable complexity of the blind decoding on the Scell is possible and then the RAN1 has sent the reply LS [2] indicating that it is not RAN1’s preference to increase the total number of the blind decoding on the Scell.
From the above, the LGE’s view on this issue is provided in this document.
2 Discussion
Given that RAN2 has decided to support the PDCCH for the RA response on the different cell in [1], the option a is not the complete solution because it is valid only in case where the cross-carrier scheduling is not configured.
From the LS, it is our understanding that the option a and option b2 are such that in order to keep the total number of the blind decoding on the Scell as in the release 10, the blind decoding for the common search space (CSS) in the Scell is temporarily enabled by reducing the number of the blind decoding for the UE specific search space (USS) in the Scell within the RA response window. For example, assuming that the total number of the blind decoding on the SCell is 32 if UL MIMO is not configured and the number of the blind decoding for the RA response is 12 if both DCI formats 1A and 1C are monitored, only 20 blind decoding for the USS in the SCell is possible within the RA response window.
In the selection of the options listed, although the option which has no (or least) impacts to the system should be taken, it was turned out that the impacts of any option are inevitable. Therefore, in the following section, we try to address the impact (cons) of each option.
2.1 
Option a) Msg2 PDCCH is addressed to RA-RNTI (CSS) on the same SCell as Msg1
On the option a, we see the cons as follows.
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Figure 1: Example of the option a) Msg2 PDCCH is addressed to RA-RNTI (CSS) on the same Scell as Msg1
· (-) the cross-carrier scheduling is not supported, i.e., the option b1, b2, b3 or etc is further required for the cross-carrier scheduling.
· (-) the blind decoding for the USS in the SCell is (temporarily) decreased, thereby decreasing the PDCCH scheduling flexibility in the USS.

· (-) in order to minimize the impact on the number of the blind decoding for the USS in the Scell, the timing rule/requirement to enable the blind decoding for the CSS in the SCell only within the RA response may need to be specified.
· (-) the PDCCH blocking probability in the CSS on the Scell is increased.

2.2 
Option b1) Msg2 PDCCH is addressed to RA-RNTI (CSS) on the PCell
On the option b1, since the Pcell provides the RA responses for all cells, the cell identification for the RA response is needed for the UE to receive the RA response on the different cell from the cell where the RA preamble was sent. So far, two sub-options are available: one is to use the separate PDCCH with the different RA-RNTI for the different cells and another one is to use the cell-index in the MAC RAR addressed by the common PDCCH with the common RA-RNTI between the cells.
On the option using the separate PDCCH by the different RA-RNTI across the cells, we see the cons as follows
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Figure 2: Example of option b1) Msg2 PDCCH is addressed to RA-RNTI (CSS) on the PCell + sub-option using the separate PDCCH by the different RA-RNTI for the different cell
· (-) the PDCCH blocking probability in the CSS on the Pcell is increased.

· (-) the cell-specific cell index needs to be introduced (it is noted that the current Scell index is UE-specific).

· (-) the new equation for calculating the different RA-RNTI for the different cell needs to be introduced.
On the option using the cell index in the MAC RAR addressed by the common PDCCH with the common RA-RNTI between the cells, the following cons are foreseen.
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Figure 3: Example of option b1) Msg2 PDCCH is addressed to RA-RNTI (CSS) on the PCell + sub-option using the cell index in the MAC RAR addressed by the common RA-RNTI for all the cells
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Figure 4: Example of the MAC RAR format including the cell index, proposed from [3]
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Figure 5: Example of the MAC PDU structure of the RA response including the new MAC RAR (to cope with the backward compatibility)
· (-) the MAC RAR format needs to be modified to include the cell index, as illustrated in the figure 4.
· (-) the cell-specific cell index needs to be introduced (it is noted that the current Scell index is UE-specific).

· (-) there may be the backward compatibility issue.
·  It is proposed in [3] that the MAC RAR is defined to include the cell index and is located at the end of the MAC PDU so that there is no impact to the UEs of the pre-release 11, as illustrated in the figure 5. With this location, there however exist the backward compatibility issues in some cases. Let’s take an example as follows. There are two UEs, UE1 of the release 8 and UE2 of the release 11. With the same preamble id (with dedicated preamble) and PRACH resources, the UE1 sends its RA preamble to the Pcell and the UE2 send its RA preamble to the Scell at the same time. The eNB does not detect the UE1’s RA preamble while it detects the UE2’s RA preamble. Then, the eNB sends the RA response including the UE2’s MAC RAR only via the Pcell. In this case, the UE2 correctly process the RA response. However, since even UE1 of the release 8 assumes that this MAC RAR which is originally intended for the UE2 is intended for itself according to the current specification, the UE1 wrongly process the RA response not intended for itself. Therefore, in this option, sharing the RA response for the UEs of all the releases seems impossible. That is, the separate RA response seems to be needed for the UEs of the release 11 only, resulting in increase of the PDCCH blocking probability in the CSS on the Pcell.
2.3
Option b2) Msg2 PDCCH is addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1
On the option b2, we see the cons as follows
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Figure 6: Example of option b2) Msg2 PDCCH is addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1
· (-) the blind decoding for the USS in the SCell is (temporary) decreased, thereby decreasing the PDCCH scheduling flexibility (same as the option a).

· (-) in order to minimize the impact on the number of the blind decoding for the USS in the Scell, the timing rule/requirement to enable the blind decoding for the CSS in the SCell only within the RA response may need to be specified (same as the option a).
· (-) the PDCCH blocking probability in the CSS on the Pcell is increased (same as the option b1)
· (-) the PDCCH blocking probability in the CSS on the scheduling Scell is increased (same as the option a)
· (-) the RAN1 specifications may require the non-trivial changes because they are written with a single common search space concept [](same as the option a)..

· (-) the cell identification for the RA response is needed and there may be backward compatibility issue (same as the option b1).
2.4
Option b3) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
For the option b3, since it is a little bit unclear how it works, let’s see an example of the option 3 with the simplest version, as illustrated in the figure 6 and 7.
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Figure 6: Example of option b3) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
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Figure 7: Example of the MAC RAR format used in the option b3 (same as in the release 8)

· (at step1) upon the PDCCH order, the UE sends the RA preamble indicated by the eNB via the Scell. (it is the same as in the release 8).
· (at step2) 

· Regarding the MAC RAR, the format of the MAC RAR of the release 8 is reused. So, the eNB sends the MAC PDU for the RA response with the existing MAC subheader and MAC RAR. 

· One difference distinguished from the release 8 is that the PDCCH addressing the RA response is masked with the UE’s C-RNTI. Therefore, for the procedure for the RA response reception, the change is required to ensure that the UE considers the RA response reception as successful when the MAC PDU addressed with the UE’s C-RNTI contains the RA preamble id corresponding to the transmitted RA preamble. It is noted that in the current specification, for the UE to check the RA preamble id in the RA response, it should first successfully decode the MAC PDU addressed by the PDCCH masked with the RA-RNTI.
· Since the data is received with the HARQ operation, the UE needs to transmit the feedback to the eNB. However, it is the normal HARQ operation that is already covered by the current specification. So, no changes are required. In addition, there may be the problem about handling of the UL grant in the MAC RAR if the MAC PDU including the MAC RAR is retransmitted, as pointed out in [4]. However, similar to the release 8, the eNB is forced not to issue any HARQ retransmission for the MAC PDU for the RA response. In this case, there is no difference of the handling of the UL grant from that of the release 8.
· If the UE does not successfully decode the MAC PDU containing the RA preamble id corresponding to the transmitted RA preamble and the RA response window is passed, the UE considers the RA response reception as unsuccessful and then reties the RA procedure (it is the same as in the release 8).

From the above exemplary procedure, it is observed that the only changes to support the option 3 are about the procedure for the RA response reception like,
· In case where the RA preamble was sent on the Scell, the UE checks the RA preamble id included in the MAC PDU received on the PCell or the Scell, addressed by the PDCCH masked with the UE’s C-RNTI.

With this option 3b, we see the cons as follows

· (-) the PDCCH blocking probability in the USS on the Scell is increased.

· (-) the procedure for the RA response reception needs to be modified.
3 Summary and Conclusions

Following table summarizes the cons of each options .
	
	Option a
	Option b1
	Option b2
	Option b3

	Support of cross-carrier scheduling
	No
	Yes
	Yes
	Yes

	PDCCH scheduling flexibility in USS (due to enabling blind decoding of CSS on Scell)
	Decreased (temporarily)
	No change
	Decreased (temporarily)
	No change

	PDCCH blocking probability 
	Increased (in CSS on Scell)
	Increased (in CSS on Pcell)
	Increased (in CSS on P/Scell)
	Increased (in USS on Scell)

	Potential RAN1 impacts
	1) multiple common search spaces
2) timing of blind decoding in CSS on SCC
	
	1) multiple common search spaces

2) timing of blind decoding in CSS on the SCC
	

	Potential RAN2 impacts
	
	1) Cell specific cell index 

2_1) equation for RA-RNTI calculation or

2_1) MAC RAR format
	1) Cell specific cell index 
2_1) equation for RA-RNTI calculation or

2_1) MAC RAR format
	Procedure for RA response reception


For the comparison, the following aspects may be considered:

· Since it is unlikely that the RA on the Scell happens frequently from the UE perspective, it is sensible to take the option that has the least impacts to the UE implementation (rather than the optimization).

· Since it is however likely that there are some degree of the RA on the Scell from the system perspective, it is sensible to take the option that has the least impacts to the system performance.

· There is the requirement for supporting the cross-carrier scheduling.
· Since the CSS is smaller than the USS, the PDCCH blocking probability in the CSS is more sensitive to the increased PDCCH signalling.

· The temporary decrease of PDCCH scheduling flexibility in the USS might be an issue when the eNB schedules the PDCCH indicating the downlink assignment for the Scell. However, considering the rather small length of the RA response window, it may not be significant.
It is noted that the option a is not the stand-alone option but the complementary option for the contention based RA procedure and therefore the need for it will be discussed after selecting one option among the option b series.
Among the option b series, the LGE’s preference is the option b3 because:
· There seems no big difference of the impact to RAN2.
· There is no (may be less) impact to RAN1.

· There is no impact to the PDCCH blocking probability in the CSS

· There is no impact to the PDCCH scheduling flexibility in the USS 

Proposal 1: to take option b3 ) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
Regarding the additional need for supporting the contention based RA procedure, we don’t see that the support of the contention based RA procedure on the Scell is essential. Also we don’t see that the benefit of the support of the contention based RA procedure justify the added the complexity of additionally taking the option a.
Proposal 2: not to support the contention based RA procedure on the Scell.

4 References
[1] Chairman’s note in RAN2#75 Athens meeting
[2] R2-120010
LS reply to R2-115635 on RACH procedure on SCell, RAN1

[3] R2-115804
RA procedure on SCell; Nokia Siemens Networks, Nokia Corporation
[4] R2-115743
Random Access Response on an SCell; Ericsson, ST-Ericsson
3GPP


_1389186740.vsd
Reserved


Reserved


Oct 1


Oct 2



_1389254740.vsd
eNB
(Pcell or scheduling Scelll)



_1389255520.vsd
eNB
(Pcell)


UE
(Pcell)


eNB
(Scell)


UE
(Scell)


Msg1


Msg2


Tx


Msg2 time window 
1. normal HARQ operation for  reception of Msg2 by the UE
2. but no HARQ retx issued by the eNB


t


t


Separate PDCCH for the UE＇s C-RNTI is used.
(USS in the Scell is used)


t


t



_1389252442.vsd
UE
(Pcell)


eNB
(Scell)


eNB
(Pcell)


UE
(Scell)


Msg1


Msg2


Tx


Msg2 time window 
1. Blind decoding in the CSS on the Scell is enabled only in here
2. # of blind decoding in the USS is reduced in here as # of blind decoding in the CSS 



t


t


t


t



_1389186901.vsd
R


Timing Advance Command


Timing Advance command


UL Grant


UL Grant


UL Grant


Temporary C-RNTI


Temporary C-RNTI


Oct 1


Oct 2



_1389175226.vsd
eNB
(Pcell)


UE
(Pcell)


eNB
(Scell)


UE
(Scell)


Msg1


Msg2


Tx


t


t


t


t


Common PDCCH for the common RA-RNTI is used for all cells



_1389176318.vsd
MAC RAR 1


...


E/T/R/R/BI subheader 



_1389175143.vsd
eNB
(Pcell)


UE
(Pcell)


eNB
(Scell)


UE
(Scell)


Msg1


Msg2


Tx


Separate PDCCH with the different RA-RNTI is used for the different cells. 


������������


