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1. Introduction

The present contribution, which in part is a resubmission of R1-73026, considers UE transmission timing for non-synchronized RACH transmission for TDD operation. For frame structure type 1, it is proposed to 

· Let the transmission of the normal RACH burst (with cyclic prefix length of 102.6us) begin at the UL subframe start with respect to the UEs timing under the assumption that the UL and DL radio frames are aligned.

For frame structure type 2, it is proposed to

· Reconsider the definition of the RACH preambles as given in the current version of the specifications so that the RACH must not always be received in the very beginning of an UL period.

· Reconsider the definition of the RACH transmission time as given in the current version of specifications.

There has also been some discussions on the email reflector regarding this, and regarding frame structure type 1, the proposal seems to be inline with the majority of the partners.  Regarding frame structure type 2, proposals for revised preambles as well s transmission timing are available in R1-073737.

2. Frame structure type 1

The timing relation between uplink and downlink for RACH transmission is not yet defined in the current specifications [1].  It has further been concluded that no explicit signaling of the RACH transmission timing is to be used [2].    However, an implicit assumption appears to be that the UL and DL radio frames are aligned when it comes to RACH transmission. Assume that physical resources are allocated to RACH in subframe N and that TRx is the time of the beginning of the radio frame with the UE’s timing. Then the UE will start to transmit the RACH preamble at time TRx+ N x 30720 x Ts.

Timing advance will be used to create a small idle guard period at the switch from uplink to downlink for synchronized transmissions. The small idle guard period will allow terminals to switch from UL transmission to DL reception. For the case that there is an additional subframe after the subframe in which the RACH is received, and the RACH of a cell edge UE is not allowed to interfere the following subframe, a slightly smaller cell range is supported.  To prevent this, one could consider to let the UE start the preamble transmission at time TRx+ N x 30720 x Ts -TGI   for some small fixed guard interval TGI .  However, assuming that the guard interval is small the impact due to interference or cell edge reduction (if interference is to be avoided) is expected to small anyway and can thus be neglected.

It is therefore proposed to let the transmission of the normal RACH burst begin at the UL subframe start with respect to the UEs timing under the assumption that the UL and DL radio frame are aligned. An example of this is given in Figure 1.
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Figure 1 Normal RACH burst transmission with respect to UE’s timing for the case that the RACH is to be received in subframe #3. 

The normal RACH burst currently contains a cyclic prefix of length around 100us in addition to a preamble of length 0.8ms, and with a single 1ms UL subframe allocated to RACH reception a cell ranges up to around 15km may be supported. For larger cell ranges, with larger cyclic prefix lengths, RACH burst will be received within a window of between 2 and 3ms.   In order to avoid un-necessary limitations on allocations of subframes to UL and DL the RACH transmission timing should be further considered for extended and repeated RACH bursts with longer cyclic prefix.

3. Frame structure type 2

According to [1], for frame structure type 2, the start of the random access burst depends on the burst length configured. For the normal burst length, the burst shall start 
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 before the end of the UpPTS at the UE. Note that for the normal burst length 
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 coincides with the length of UpPTS.   Further, from the current parameters, the resulting guard time, 
[image: image4.wmf]GT

T

, see Figure 2, becomes  (4340-4096) x Ts = 244 x Ts which  is about 7.9us which in turn corresponds to a cell range of around 1.2km. RACH bursts from UEs at greater distances will then be received and create interference in subframe #1.  Similarly, for the extended burst, the resulting guard time becomes 256 x Ts which is about 8.3us which in turn corresponds to a cell range of around 1.2km if overlap with subframe #2 is to be avoided.
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Figure 2: Random access preamble format 
At the same time, the conclusion on from the ongoing email discussion is that part of the DL-UL guard period, which is the GP, the GP+UpPTS or GP+UpPTS+subframe#1,  should be used for reception of RACH  bursts [2].  

In light of this we propose that the RACH transmission timing is reconsidered for frame structure type 2.

3.1. Reconsideration of RACH preambles for frame structure type 2

Concerns have also been raised regarding eNodeB-to-eNodeB interference due to propagation delays. The DwPTS from a distant eNodeB, may still be “in the air” while RACH bursts are received in for example the GP or  UpPTS. The guard period required to avoid such eNodeB-to-eNodeB interference is expected to depend on the deployment. Further, as illustrated in for example [3] interference from eNodeBs beyond the first tier needs to be considered as well and this suggests that the guard period required to avoid eNodeB-to-eNodeB interference not necessarily is related to the cell size.  

To be able to avoid eNodeB-to-eNodeB interference, we propose to reconsider the definition of the RACH preambles and define a RACH preamble which is shorter than the subframe duration, allow the reception of such RACH preambles in any UL subframe and align the transmission timing with the start of the UL subframe, similar as for frame structure type 1. This avoids over dimensioning with a fixed guard period and does at the same time provide some flexibility which can be used to avoid eNodeB-to-eNodeB interference.  More specifically, the shortest guard period would then be 191us, which is the case when the RACH is received in subframe #1.  If 191us is not enough to protect from eNodeB to eNodeB interference, the RACH may be received in another subframe such as subframe #2.  Then, eNodeB interference will impact data and control signaling in subframe #1 rather than RACH reception and this is expected to have less impact on the system as a whole. Additionally, in order to avoid interference from RACH into adjacent UL subframes, the preamble length is to be chosen so that it together with guard time for roundtrip propagation delay is contained in a 0.675ms long subframe.  
4. Conclusion

For frame structure type 1, it is proposed to 

· Let the transmission of the normal RACH burst (with cyclic prefix length of 102.6us) begin at the UL subframe start with respect to the UEs timing under the assumption that the UL and DL radio frames are aligned.

For frame structure type 2, it is proposed to

· Reconsider the definition of the RACH preambles as given in the current version of the specifications so that the RACH must not always be received in the very beginning of an UL period.

· Reconsider the definition of the RACH transmission time as given in the current version of specifications.
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