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1 Introduction

In last RAN1#51 in Jeju, Korea, a harmonized LTE TDD frame structure was agreed [1]. In the proposed LTE TDD structure, short RACH preamble is supported in addition to the 4 formats of long RACH preamble as defined in LTE FDD. Based on this working assumption, in this document, we discuss some remaining issues in the design for short RACH preamble.

2 UpPTS status and issue description

UpPTS Status

In [1], it is proposed that each radio frame consists of two half-frames, and each half-frame consists of eight slots of 0.5ms and three special fields: DwPTS, GP and UpPTS. The total length of DwPTS, GP and UpPTS equals to 1ms. Subframe-1 and subframe-6 consists of DwPTS, GP and UpPTS respectively, while all other subframes are defined as two slots where subframe 
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. The exact frame structure is shown in Figure 1. 


[image: image4.emf]One slot, 

T

slot

=15360T

s

GP UpPTS DwPTS

One radio frame, T

f

= 307200T

s

= 10 ms

One half-frame, 153600T

s

= 5 ms

30720T

s

One subframe, 

30720T

s

GP UpPTS DwPTS

Subframe #2 Subframe #3 Subframe #4 Subframe #0 Subframe #5 Subframe #7 Subframe #8 Subframe #9


Figure 1: Frame structure type 2

[2] discussed various coexistence scenarios with 1.28 Mcps TDD and suggested some basic configurations of special slots in E-UTRA TDD. According to the basic configuration in [2], the number of symbols in UpPTS can be 2(DL: UL=4:3), 6(DL: UL=5:2), 7(DL: UL=2:5), 11(DL: UL=3:4 & 6:1). That is to say, for the sake of coexistence, multiple uplink symbols (bigger than or equal to 6) have to be configured in UpPTS in most basic configuration scenarios. Figure 2 shows one example of basic configuration of E-UTRA TDD from [2], which is to enable coexistence with 1.28 Mcps TDD with DL/UL ratio 5:2. Only the first 5ms half-frame is shown in Figure 2, and it can be extended to the second 5ms half-frame easily. 

[image: image5.emf]TS0 TS1 TS2 TS3 TS4 TS5 TS6

DL:UL = 5:2

5ms (153600 Ts)

DwPTS

UpPTS

Downlink slot

Uplink slot

Subframe 2Subframe 3 Subframe 4 Subframe 0

DwPTS GP UpPTS


Figure 2: Coexistence with 1.28 Mcps TDD (DL:UL=5:2)

Issue Description
In above Figure 2, only UpPTS and subframe 2 are possible for uplink transmission, so it is good to adopt short RACH preamble in UpPTS and leave the whole subframe 2 for UL transmission, especially for low bandwidth systems. In [3], the UE transmission timing is defined that the short RACH preamble shall start 
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 before the end of the UpPTS. That is to say, short RACH preamble only occupies about 2.5 SCFDMA symbols, as shown in Figure 3. Then, how to use the remaining resources (3 or 4 symbols) in UpPTS? 

[1] proposed that resources not used for random access can be used for data and reference signals (sounding and/or demodulation reference signals), but No PUCCH is transmitted in UpPTS. 
· Data transmission. 
It is difficult to schedule remaining resource in UpPTS exclusively, since UE may have to monitor the broadcasted configuration information for short RACH preamble to know if its scheduled resource overlapped with RACH subband. Otherwise if all 6 symbols in RACH subband will be scheduled at the same time, either we waste the remaining resource, or we have to allow the mutual interference between PUSCH and short RACH preamble. 

· SRS. 
SRS may occupy one or more symbol in UpPTS, but it seems unlikely that SRS will consume all the remaining 3 or 4 symbols in RACH subband. 
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Figure 3: Illustration of remaining resource in RACH subband

The observation here also applies to other basic configurations in [2]. In summary, it is not easy to use the remaining resource in RACH sub-band efficiently. In section 3, we discuss a possible way to use the remaining resource.
3 Multiplexing multiple RACH instances in UpPTS
In the short RACH preamble design, a concern is how many signatures are available in single RACH region. Since it’s proposed in [1] that layer 2 always sees 64 preambles, multiple instances of short RACH region have to be allocated if the capacity of single RACH region is less than 64. Of course, this is subject to the final decision on short RACH preamble design. Besides, in some cases when the RACH load is high, multiple RACH instances are needed in a UpPTS even when the capacity of single RACH region equals 64. In summary, we may need to define the rules on how to allocate multiple instances of RACH resource in UpPTS.
Multiple RACH multiplexed by FDM has been discussed before. The FDM approach is beneficial in enabling reciprocity for RACH based on DL RS. However, the amount of remaining resource in RACH subband is also increased by the FDM approach, and the remaining resource are difficult to use efficiently as discussed in section 2.2. On the other hand, in some cases, it can not provide enough instances of RACH resources by FDM, especially for low bandwidth system. E.g. if the bandwidth is 1.6MHz, at most 1 RACH resource per UpPTS is supported.  
Based on above analysis on the drawback of FDM approach, to allocate multiple RACH instances and to reduce the remaining resource in RACH subband in UpPTS, TDM multiplexing of multiple RACH regions in UpPTS are considered in this section. Actually, TDM approach can be used together with FDM approach to enable more instances of RACH resource if needed. 

For example, as shown in Figure 4, two RACH regions are allocated in the same subband by TDM. Based on the definition on start position of RACH preamble in [3], to avoid the mutual interference of the two RACH regions, preamble in RACH#0 shall start 
[image: image8.wmf]s

5120

T

 before the end of the UpPTS at the UE; and preamble in RACH#0 shall start 
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 before the end of the UpPTS at the UE. From Figure 4, symbol 1 in UpPTS is never used by short RACH preamble, and may be used as a resource for SRS. 
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Figure 4: TDM allocation of multiple RACH resources
4 Conclusion
In this contribution, we discuss a remaining issue on short RACH preamble design in UpPTS, and also provide a possible way forward for discussion and conclusion. 
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