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1. Introduction
The current specifications indicate the time and frequency structures for the physical random access channel (PRACH) [1]. The PRACH is also required to be multiplexed with other uplink physical channels; however, a specific multiplexing method has not yet been defined. Therefore, this contribution proposes a method for multiplexing the PRACH with other physical channels such as the physical uplink control channel (PUCCH) and sounding reference signal (SRS). Furthermore, a PRACH slot configuration that supports frequency hopping of the PRACH slots is also presented.
2. Method for Multiplexing PRACH with PUCCH and SRS
In this contribution, we assume a wider system bandwidth than 1.4 MHz. The PRACH multiplexing method for a 1.4 MHz bandwidth is presented in [2]. For a system bandwidth wider than 1.4 MHz, it is possible to multiplex the PRACH and PUCCH from different UEs in the frequency domain (FDM). Figure 1 illustrates the proposed method for multiplexing the PRACH with the PUCCH and SRS. The following method is proposed.
(1) The PRACH is multiplexed into resource blocks (RBs) for Physical Uplink Shared Channel (PUSCH)
The PUSCH is multiplexed into RBs that are different from those where the PUCCH is multiplexed. The PRACH is mapped into RBs for the PUSCH. Therefore, a UE should know the maximum number of RBs used for the PUCCH to recognize the RBs for the PUSCH. The control information is carried by the dynamic broadcast channel (D-BCH).
(2) PRACH is multiplexed with higher priority than SRS
The Node B allocates the PRACH radio resources with the highest priority. Thus, PRACH allocation is not influenced by SRS allocation. 

Basically, the Node B scheduler assigns the SRS into sub-frames where the PRACH is not allocated. Thus, the orthogonality between the PRACH and SRS is maintained using TDM. 
However, SRS transmission from the same sub-frame that the PRACH is multiplexed is not precluded allowing non-orthogonal transmission between the PRACH and SRS. In this case, mutual interference occurs due to the destruction of orthogonality. However, the impact of the interference from the SRS on the PRACH will be negligible if the SRS is multiplexed at the first or last symbol within the sub-frame, since most of the interference is limited to within the cyclic prefix duration of the PRACH. 
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Figure 1 – Method for multiplexing PRACH with PUCCH and SRS
3. PRACH Slot Configuration
In the RAN1#50-bis meeting, 16 PRACH slot configurations which comprise RA period and RA sub-frame are agreed. Therefore, the remaining issue is the frequency domain structure of PRACH.
Figure 2 illustrates the principle of the time/frequency positions for the PRACH within the RBs for the PUSCH, i.e., within the maximum number of PUCCHs as described in the previous section. 
We propose the following for the PRACH configuration.

· 16 pre-defined time-domain slot configurations (agreed)
· The PRACH configuration is decided based on the following parameters as shown in Fig. 2.
· Offset value in the time domain: Defined as the relative timing for downlink PBCH reception
· Frequency hopping pattern: Single pre-defined hopping pattern according to the set comprising the slot interval and system bandwidth.
· The same time-frequency configuration is repeated every 40 msec at maximum.
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Figure 2 – Principle of time/frequency slot configuration for PRACH
Figure 3 shows examples of the PRACH configurations for the respective transmission bandwidths. In particular, when the total transmission bandwidth is equal to or narrower than 5 MHz, only one hopping pattern in the frequency domain is sufficient.
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(a) BW = 1.4 MHz, Tslot = 20 msec
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(b) BW = 3 MHz, Tslot = 20 msec

[image: image5.emf]10 msec frame 10 msec frame 10 msec frame 10 msec frame 10 msec frame 10 msec frame 10 msec frame 10 msec frame

Time

Freq


(c) BW = 5 MHz, Tslot = 10 msec
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 (d) BW = 10 MHz, Tslot = 5 msec

Figure 3 – Examples of PRACH slot configuration (BW is the system bandwidth, Tslot is slot interval in time domain, hopping pattern is only an example)
4. Conclusion
The following is a summary of this contribution.
· A method was described for multiplexing the PRACH with the PUCCH and SRS.
· The PRACH is multiplexed into RBs for the PUSCH
· The Node B scheduler assigns the PRACH with the highest priority

· The Node B scheduler assigns the SRS into sub-frames, where the PRACH is not allocated. However, the SRS transmission from the same sub-frame as that where the PRACH is multiplexed is not precluded allowing non-orthogonal transmission between the PRACH and SRS.

· The UE is to be informed of the maximum PUCCH bandwidth using the D-BCH
· A PRACH configuration in the frequency domain was presented with the following features.
· Offset value in the time domain: Defined as the relative timing for downlink PBCH reception

· The same time-frequency configuration is repeated every 40 msec at maximum.
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