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1
Introduction
In last RAN2 meeting, RA issues were discussed [1], and the following conclusion was achieved [2]:

	Legacy and eIMTA UEs which are IDLE follow the TDD configuration in SIB1.
FFS: No new timing scheme for Message 1, 2, 3, and 4 is introduced.
FFS: For all UEs, PRACH resources (Msg1, Msg3) are not allocated/configured in subframes that can be dynamically configured as DL subframe (NW restriction)


In this paper, we try to give more analysis on RA issues for eIMTA.
2
Discussion
There are two types RA:

· Contention based 

· Contention free

In this paper, we try to analyze them one by one.

2.1 Contention based RA

2.1.1 Additional PRACH resource allocation

In this section, we try to analyze from the following aspects:

· Benefit
· Complexity

Benefit
One of the possible benefits by introducing additional PRACH resources (on flexible subframes) is to reduce the collision probability. 
However, in one hand, the total number of UEs in the cell which supports eIMTA is not large, in another hand, the additional PRACH resources allocated in flexible subframes can only be used by eIMTA supported and enabled UEs which is in connected state. And for these connected UEs, dedicated SRs are normally configured. So the additional PRACH resources cannot efficiently reduce collision probability.

Another possible benefit is to reduce the latency of Message 1. Assuming one PRACH resource for each radio frame in SIB1, the average delay for Message 1 is 5ms. With one additional PRACH resource in each radio frame (i.e. there is one PRACH resource every 5ms) for eIMTA UEs, the average delay for Message 1 is 2.5ms. That is, there will be 2.5ms delay reduction by introducing one more additional PRACH resource. The gain seems not big considering the total RA procedure, and the gain will be lessened if the subframes which has additional PRACH resource changes to DL.
So, in general, the benefit for additional PRACH resources is little.

Observation 1: Benefit for additional PRACH resources for eIMTA UEs is little.

Complexity

One impact is that new signalling or IE is needed for the PRACH resources configuration if additional PRACH resources other than which signalled in SIB are used for eIMTA supported and enabled UEs, this will lead to some standard effort.
Another impact is that there may be collision issue due to UL->DL change if at least one of the additional PRACH resources is configured in flexible subframe.
In last meeting, RAN1 already had the following agreement [3]:

	A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)


It means that when UE is DRX inactive state, the UE will not monitor the explicit reconfiguration DCI, that is, the UE may not follow the TDD configuration signalled by explicit L1 signalling. In addition, the missing of explicit reconfiguration DCI due to reliability may also enlarge the issue.

In this case, if the PRACH resource is configured in flexible subframes for eIMTA UEs, then the eIMTA UEs may select wrong PRACH resource for Message 1 transmission at least for contention based RA.

For contention free RA, the network should guarantee that the subframe for Message 1 transmission should keep UL for some time. This may result in some restriction for traffic adaption.

Observation 2: There are some complexity issues e.g. signalling and collision, to introduce additional PRACH resources is introduced.

Proposal 1: For all UEs, PRACH resources are not allocated/configured in subframes that can be dynamically configured as DL subframe, i.e. all the UEs should follow PRACH resources configured in SIB2.

2.1.2 Message 0

From the current Physical specification, PDCCH order is addressed by C-RNTI and DCI 1A is used like normal DL assignment. So it is natural to understand that the UE will monitor PDCCH order i.e. Message 0 in the subframes where it monitors DL assignment. That is, if the UE monitors PDCCH for scheduling in the DL subframes and special subframes of TDD configuration in SIB1, then the UE should also monitor PDCCH order in the same subframe, and if the UE monitors PDCCH for scheduling in the DL subframes and special subframes of TDD configuration signalled by explicit L1 signalling, then the UE should also monitor PDCCH order in the same subframe. 
Proposal 2: eIMTA supported and enabled UEs should monitor Message 0 in the subframes it monitoring PDCCH addressed by its C-RNTI, i.e. depending on which TDD configuration is followed.
2.1.3 Message 1
If no additional PRACH resources are introduced, then no necessity is foreseen to introduce new timing for Message 1. And current specification is followed:
	TS36.321

-
determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex, the PRACH Mask Index (see subclause 7.3) and physical layer timing requirements [2]  (a UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe);

-
if the transmission mode is TDD and the PRACH Mask Index is equal to zero:

-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe.

-
else:

-
randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe and the next two consecutive subframes.

TS36.213

In case a random access procedure is initiated by a "PDCCH order" in subframe n, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe 
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, where a PRACH resource is available.


Proposal 3: No new Timing for Message 1 is needed if no new PRACH resources are introduces for eIMTA supported and enabled UEs.
2.1.4 Message 2
When the UE transmits the Message1, it will try to receive Random Access Response(s) in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize subframes. This could be followed for eIMTA UEs too.
The issue is how the UE monitors the PDCCH for RAR?
· Following the TDD configuration in SIB1?

· Following the TDD configuration signalled by explicit L1 signalling?

The benefit of following the TDD configuration signalled by explicit L1 signalling for RAR is that: the eNB could have more opportunities to schedule the RAR to UEs, because the number of DL subframes and special subframes in the TDD configuration signalled by explicit L1 signalling.
However, for contention based RA, the eNB cannot determine whether the UE transmitting Message 1 follows the latest TDD configuration, because the eNB does not know the UE status, so eNB should assume the TDD configuration in SIB1 is used by the UE.As a result, the eNB can only assume that all the UEs performing contention based RA will only monitor Message 2 in DL subframes and special subframes of the TDD configuration signalled in SIB1.
Considering the above issues the eNB may only send Message 2 on the DL subframes and special subframes in the TDD configuration in SIB1 to guarantee the UE can receive it. If so, the benefit of following the TDD configuration signalled by explicit L1 signalling disappears and the UE may not need to monitor Message 2 in flexible DL subframes even it follows the TDD configurations signalled by explicit L1 signalling.
Proposal 4: For contention based RA, Message 2 should be transmitted only in DL subframes and special subframes of the TDD configuration in SIB1.
2.1.5 Message 3

After receiving RAR, UE will transmit Message 3 according to the UL grant in the RAR.

There are two alterative UL subframes for Messages 3 transmission for UE according to which TDD configuration is used, the one in SIB1 or the one in explicit signalling.

Considering that the eNB does not know whether the UE is eIMTA supported and enabled and following the TDD configuration signalled by explicit L1 signalling, only TDD configuration in SIB1 could be used for Message 3 transmission for identical understanding between eNB and UE.
Proposal 5: message 3 should be only transmitted based on TDD configuration in SIB1.

2.1.6 Message 4

After receiving Message 3 successfully, the eNB may know whether the UE is eIMTA supported and enabled UE.and if the UE is eIMTA supported and enabled, the PDCCH for Message 4 is addressed by C-RNTI, like normal DL assignment. 

Accordingly, similar to the timing for Message 0, if the UE monitors PDCCH for scheduling in the DL subframes and special subframes of TDD configuration in SIB1, then the UE should also monitor PDCCH for Message 4 in the same subframe, and if the UE monitors PDCCH for scheduling in the DL subframes and special subframes of TDD configuration signalled by explicit L1 signalling, then the UE should also monitor PDCCH for Message 4 in the same subframe. So it is no need to introduce new timing for Message 4.

Proposal 6: eIMTA supported and enabled UEs should monitor Message 4 in the subframes it monitoring PDCCH addressed by its C-RNTI.

2.2 Contention free RA
In this section, contention free RA is discussed, where in, the part same as contention based RA is simplified, and only different part is focused on.
2.2.1 Additional PRACH resource allocation

Similar to contention based RA, it seems PRACH resources are not allocated/configured in subframes that can be dynamically configured as DL subframe, i.e. all the UEs should follow PRACH resources configured in SIB2 considering the Necessity, complexity and benefit.

2.2.2 Message 0

Same as contention based RA, the UE eIMTA supported and enabled UEs should monitor Message 0 in the subframes it monitoring PDCCH addressed by its C-RNTI, i.e. depending on which TDD configuration is followed.

2.2.3 Message 1

Same as contention based RA, the UE eIMTA supported and enabled UEs should follow current specification for transmitting Message 1.
2.2.4 Message 2

For contention free RA, the eNB may know the UE is eIMTA supported and enabled by the dedicated Preamble used by the UE. So the eNB may know whether this UE follows the latest TDD configuration.
In this case, Message 2 could be transmitted on flexible subframes based on the TDD configuration signalled by explicit L1 signalling. 
The possible benefits if message 2 could be transmitted on the flexible DL subframes in the TDD configuration signalled by explicit L1 signalling are:

· More scheduling opportunities may be achieved

· Delay for RAR is lessened.

But considering that normally the PRACH resources are allocated in subframe 1 or 2 if no additional PRACH resources are introduced, the RAR window is started from subframe 4 or 5. Assuming RAR window is 10, then the possibly additional scheduling opportunities are at most 6 no matter transmitting RAP in last subframe1 or 2, see the following figure.
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From above figure, we can see that there are 4 fixed scheduling opportunities including subframes 5,6 in first radio frame and 0,4 in second radio frame. So the increased opportunities are significant, and accordingly, the delay for RAR reduced.
As a conclusion, it seems better to transmit RAR for contention free RA based on the latest TDD configuration.

Proposal 8: Message 2 for contention free RA could be transmitted in DL subframes and special subframes of latest TDD configuration.

3
Proposal
In this paper, the possible RA issues are discussed, and based on the analysis, the following observations are given:
Observation 1: Benefit for additional PRACH resources for eIMTA UEs is little.

Observation 2: There are some complexity issues e.g. signalling and collision, to introduce additional PRACH resources is introduced.

And based on the observations and additional analysis, we give the following proposals:

For contention based RA:

Proposal 1: For all UEs, PRACH resources are not allocated/configured in subframes that can be dynamically configured as DL subframe, i.e. all the UEs should follow PRACH resources configured in SIB2.
Proposal 2: eIMTA supported and enabled UEs should monitor Message 0 in the subframes it monitoring PDCCH addressed by its C-RNTI, i.e. depending on which TDD configuration is followed.
Proposal 3: No new Timing for Message 1 is needed if no new PRACH resources are introduces for eIMTA supported and enabled UEs.
Proposal 4: For contention based RA, Message 2 should be transmitted in only in DL subframes and special subframes of the TDD configuration in SIB1.

Proposal 5: message 3 should be only transmitted based on TDD configuration in SIB1.

Proposal 6: eIMTA supported and enabled UEs should monitor Message 4 in the subframes it monitoring PDCCH addressed by its C-RNTI.

For contention free RA:

Proposal7: It is same as contention based RA on 

· Additional PRACH resources allocation
· Monitoring for Message 0

· Timing for Message 1

Proposal 8: For contention free RA, Message 2 could be transmitted in DL subframes and special subframes of TDD configuration signalled by explicit L1 signalling.

4
References
[1] R2-133386 eIMTA impact on RAN2, Huawei, Hisilicon
[2] RAN2-83bis Chairman Notes 2013-10-11 1630
[3] Chairman's Notes RAN1#74bis - final















































































































































































































































































































3GPP


_1316461040.unknown

_1444117792.vsd
SFN = M


SFN = M+1


D


S


D


S


U


U


D


S


D


S


U


U


U


U


U


D


S


U


D


S


D


U


U


U


D


U


D


U


D


D


SFN = M


drx-InactivityTimer


onDurationTimer


HARQ RTT Timer


drx-RetransmissionTimer


D


S


U


D


S


D


U


U


D


D


SFN = M+1


D


S


D


S


U


U


U


U


U


U


D


S


D


S


U


U


U


U


D


D


D


S


D


S


U


U


U


U


D


D


SFN =0, UL-DL configuration =0


SFN =1, UL-DL configuration =1


SPS interval = 11


SPS interval = 9


SFN =2, UL-DL configuration =1


D


S


D


S


U


U


U


U


U


U


SFN =3, UL-DL configuration =0


SPS interval = 10


SFNstart=0, Subfamestart = 2, SPS period = 10ms


D


S


D


S


U


U


U


U


U


U


D


S


D


S


U


U


U


U


D


D


SPS interval = 10


UE miss the L1 signaling


SFN =0, UL-DL configuration =0


SFN =1, UL-DL configuration =1


SPS interval = 11


SFNstart=0, Subfamestart = 2, SPS period = 10ms


D


S


D


S


U


U


U


U


D


D


D


S


D


S


U


U


U


U


U


U


SFN =0, UL-DL configuration =0


SFN =1, UL-DL configuration =1


SFNstart=0, Subfamestart = 2, SPS period = 10ms


SPS interval = 10


D


S


D


S


U


U


U


U


U


U


D


S


D


S


U


U


U


U


D


D


D


S


D


S


U


U


U


U


D


D


SFN =0, UL-DL configuration =0


SFN =1, UL-DL configuration =1


DRX


UE has to be active to decode the L1 signaling


SFN =2, UL-DL configuration =1


D


S


D


S


U


U


U


U


U


U


SFN =3, UL-DL configuration =0


SFNstart=0, Subfamestart = 2, SPS period = 10ms


D


S


D


S


U


U


U


U


U


U


D


S


D


S


U


U


U


U


D


D


eNB should’t schedule UE in these subframes, because the UE consider them as UL


SFN =0, UL-DL configuration =0


SFN =1, UL-DL configuration =1


UE does’t decode L1 signalling when sleep


DRX


D


S


D


S


U


U


U


U


U


U


D


S


D


S


U


U


U


U


D


D


D


S


D


S


U


U


U


U


D


D


SFN =0, UL-DL configuration =0


SFN =1, UL-DL configuration =1


SFN =2, UL-DL configuration =1


Although they are DL subframe in this SFN, DRX timers does not count them


X


Means the subframe is not counted for the DRX timer


10


UL-DL configuration 0 in SIB1


X


3


1


DRX Timer


2


X


X


4


X


X


X


5


6


X


X


X


7


8


X


X


X


9


D


S


D


S


U


U


U


U


U


U


D


S


D


S


U


U


U


U


D


D


TDD Configuration 0


TDD Configuration 1


Available DL SPS occassion


D


S


D


S


U


SFN = N+1


SFN = N


�

Flexible subframe


D


S


S


Flexible subframe (between Special subframe and DL subframe)


D


S


D


S


U


RAR Window


RAP


D


S


U


D


S


D


S


U


RAR Window


RAP


SFN = N


SFN = N+1


Fixed subframe


�

Additional scheduling opportunities if RAR could be transmitted in flexible subframes 


�

�

�

�

�


_1316461015.unknown

