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1. Introduction

This e-mail summarizes the discussion on LTE random access channel from 10/23/06-11/2/06.
2. E-Mail Reflector Discussion
The following discussions took place on the reflector –
1.  Physical random access procedure for non-synchronized random access (based on R1-062434).
How to transmit the preamble (including open-loop power control), what to do in case of ACK/NACK or no response (interaction between PHY-MAC, details of RACH response (in the DL) etc.
	Qualcomm
	Open-loop PC with ramping
	In case of a successful probe, eNode B responds with a message over a downlink Access Grant Channel. (AGCH). UE is instructed with the AGCH message where to begin transmission on uplink Shared Data Channel (SDCH). AGCH message contains at least the following information:

-Timing advance

-UL SDCH resources

-Implicit C-RNTI (xOR’d on CRC and correlated with access probe signature sequence) 

The initial transmit power for the first uplink transmission would be computed based on successful access probe power and added SDCH configured or signaled offset.


	The UL resource allocation is given like any other uplink SCH allocation using RA-ID like c-RNTI.

Some flexibility is allowed in the timing relation of the preamble and the acknowledgement.

	Siemens 
	Open-loop PC with ramping
	A maximum number of RACH preamble retransmissions terminates the procedure.

A negative acknowledgment terminates the PHY random access procedure as well.

	IP Wireless
	
	Grouping of RACH acknowledgements for multiple users together in one new separate (from the UL grant) message which comprises several RACH IDs would be rather inefficient from at least two perspectives:

1) Power control of the RACH response message cannot be set per user (even though it looks likely the eNB would have a CQI available which is sent with the preamble)

2) There is actually no need to explicitly send the user RACH IDs at all since it is possible to just map the preamble to a normal c-RNTI (implicit ID).  As such, this separate RACH response message containing the RACH IDs represents unnecessary overhead and is probably not really of much use

	Motorola
	Open-loop PC with ramping
	Physical access procedure is similar to WCDMA (R1-063044).
Open loop power control with ramping should be supported for non-synchronized random access in order to reduce interference.  Therefore, UE must have information regarding the initial transmission power and power ramping step size.  In addition, the maximum number of retransmission attempts is also needed.  In general, these parameters are provided by higher layers.
Response includes Timing Advance, ACK/NACK, UL assignment.  Random Access response is pointed to by the RA-RNTI.  Exactly how the response is transmitted is pending L1/L2 control discussion.

	TI
	Open-loop PC with ramping
	Open loop power control is used for the initial transmission of the preamble. In case no response is received, power ramping is used for subsequent preamble transmissions.

	Lucent
	Open-loop PC with ramping
	Regarding power control of RACH, open loop power control should be used for initial RACH transmission. Considering that RACH is transmitted in limited bandwidth of 1.25 MHz, eNode-B and UE measurement in corresponding bandwidth may needed for the open-loop power control. 

Power ramping for retransmission of non-synchronized RACH is preferred.

Power offset between successful non-synchronized RACH and second UL message (Message3) needs to be studied further, since the two UL transmission may use different frequency allocation. 

We need to consider appropriate frequency control message in non-synchronized RACH response as described in our contribution R1-063475, in addition to detected signature, Timing Advance, ACK/NACK, and UL assignment.

	Ericsson
	Open-loop PC with ramping
	Open loop power control with possibility for ramping (similar to WCDMA)

	CATT
	Open-loop PC with ramping
	For non-synchronized random access, open-loop power control with ramping should be supported. 


2.  Random Access channels

Definition of the time-frequency region (where is it located, how often it occurs etc.), when it occurs (probably timing relative to the BCH or other common control channel etc. 

	Qualcomm
	RACH bandwidth is 1.25 MHz.  The channel repeats every 10 ms, which is fixed and therefore not signaled over BCH.  The number of the random access channels, their frequency location and the offset relative to BCH is indicated on BCH.

	Nokia
	The number of resources parallel in frequency and their density in time is given in the System Information. The minimum rate is once in 10 ms.

	Siemens 
	Non-synchronized RACH BW is at least 72 sub-carriers and the periodicity is 10 ms. 

The transmit timing of a non-synchronized RACH burst in a given slot is based on a specific point of the receive DL timing. Depending on the UL/DL timing at the Node B decission it can be e.g. the start of a DL radio frame. The details of random access channels configuration are broadcasted on the system information.

	Motorola
	Fixed bandwidth of each random access channel is BWRA = 1.08 MHz (6 RBs).  Multiple random access channels may be configured within the TTI and occur periodically.  The number, location, and periodicity of the random access channels are signaled on the BCH.  In addition, these parameters should be semi-static and configurable based on random access load.  Random access channels are assumed to occur at a fixed timing from the BCH frame. Finally, data transmission may also be scheduled in the random access region at the discretion of the scheduler.

	TI
	One non-synchronized random access frequency slot occupies 6 RB's = 1.08MHz. The time/frequency location of NSRA slots is configured by the Node B, but one NSRA slot per 5 MHz and 15-20ms could be a typical setting.

	Ericsson
	BW = 6RBs. The location of non-synchronized random access slots can be signaled on the BCCH.

	CATT
	RACH bandwidth is 1.25MHz and 6 RBs=1.08MHz is used for preamble transmission. For LCR-aligned EUTRA TDD frame structure, the RACH channel repeats every 5ms radio sub-frame.

	Panasonic
	Bandwidth is 6RBs.  The number of random access slot in frequency domain and time interval can be informed on broad cast channel.


3.  Random Access preamble sequence

Preamble format definition including ZC-ZCZ sequence construction, sampling frequency, guard interval length etc.
	Qualcomm
	The chip rate of ZC-ZCZ sequence is 0.96 Mcps.

	Texas Instruments


	Proposed change to the baseline structure –

CP: 102.6 µs

Preamble: 800 µs

GT: 97.4 µs

	Nokia
	Optional structure of 0.1ms CP, 0.4ms ZC sequence repeated twice and 0.1 ms guard interval. This structure is optional with the 0.8 ms ZC sequence, and only one structure is used in a cell.

	Siemens 
	The Guard Time does not need to take into account the delay spread, so the baseline agreement from Seoul: GT=CP= 100 us may be slightly improved. We are fine with the TI proposal (CP: 102.6 us, Preamble: 800 us, GT: 97.4 us), though the option with CP: 102.08(3) us, Preamble: 800 us, GT: 97.91(6) us seems also reasonable due to a slightly longer, supportable range.

	Fujitsu
	Proposal of "0.1+ 2x0.4 + 0.1" preamble structure or "0.4ms CP + 0.4ms ZC + 0.2ms GT"

	Lucent
	We have pointed out the problem of frequency offset in our contribution R1-062387, particularly when CP is not used. With CP, we propose two preamble structures:

· Option 1: Repeated preamble structure with 102.6 µs  CP + 0.4ms preamble x 2 repetition + 97.4 µs  GT 

· Option 2: 102.6 µs  CP + 0.8ms preamble + 97.4 µs  GT 

The choice of the preamble should be configurable depending on environment and deployment scenario. Once configured, the same preamble should be used for all UEs belonging to the same cell.  To simplify implementation, we may consider choosing one of the two options as mandatory if the performance difference is small for various channel environments.

	Ericsson
	We are fine with the proposed small modification by TI (102.6 µs CP, 800 µs preamble, 97.4 µs GT).

	CATT
	Based on the LCR-aligned EUTRA TDD frame structure in 25.814 with three special timeslots and 0.675ms traffic timeslots, now we propose two preamble formats for E-UTRA TDD;

· Small cell radius: 50us GP1 + 133.34us preamble + 8us GT

· Medium cell radius: 191.34us GP1 + 666.67us preamble + 8.33us GT

Design parameters and structures detail in contribution R1-063282.

	Panasonic
	Sampling rate (i.e. chip rate) of ZC sequence is 0.96MHz. ZC sequence length is 769.

This allows to use quite simple sampling rate conversion and it can eliminate random access preamble specific DFT/FFT for sampling rate conversion at transmitter and receiver.


4.  Opinion of Synchronized random access.
	Qualcomm
	Not needed.
	We think synchronized RACH is unnecessary. Asynchronous RACH can be used for unsynchronized and UEs that do not have assigned dedicated resources.

	Ericsson
	May not be needed.
	Other possibilities for requesting uplink resource, for example a single-bit dedicated flag per UE, and from our perspective it is not clear that a synchronized random access is the best approach for implementing a scheduling request mechanism.

	Texas Instruments


	Needed.
	Considering the potential power saving at the UE, and the very low overhead of the random access approach (2.9% for 512 UE's in 5MHz), the synchronized random Access (SRA) is our preferred choice for carrying the UL resource requests of UL synchronized UE's without scheduling grants.  R1-062632

	Fujitsu
	May not be needed.
	If we keep to have sync RACH for some purposes, there may not be reason not to use the sync RACH for UL resource request.  However, considering RT data transmission such as VoIP packet transmission, the use of dedicated radio resource for UL resource request is useful.

	ZTE
	
	Should be studied whether all resource requests can be transmitted on the dedicated resource.  However there should be some resource request transmitting based on contention physical resource. The non-sync random access channel can resolve part of access requirements such as user is not synchronous with system, but for the resource request, assuming the timing synchronous has been done, it seems that the time and frequency resources is huge and extravagant for resource request only.

	IP Wireless
	
	We understand from 25.913 that LTE will support a large set of active users (400 per cell if >5MHz).  It's not clear to us whether dedicated physical channels for control purposes can achieve this goal with expected traffic profiles and desired signalling latencies.

	Nokia
	
	We are studying the alternatives.

	Siemens 
	May not be needed.
	In our opinion inactive but delay-critical RRC_Connected UEs should be kept time synchronized by a contention-free, periodic, UL resource so in this case it is not crystal clear for us if the synchronized RACH is needed in addition in order to request resources (or if it is the channel used to maintain synchronization). While inactive but delay-tolerant UEs in RRC_Connected can go out of sync and use non-synchronized RACH to re-synchronize and to request resources.

	Motorola
	May not be needed.
	Scheduling requests should not be sent on a contention-based channel for delay-sensitive traffic, but should be sent on a scheduled resource or multiplexed with other dedicated uplink transmissions (e.g. CQI).   Synchronized random access may be used to transmit scheduling requests for best-effort or delay insensitive traffic.  However, its efficiency should be evaluated with respect to alternative methods

	Samsung
	
	We need more discussion on how many RRC_connected synchronized UEs in a cell would send scheduling requests and we also need to see if dedicated or common UL resources are sufficient to support those UEs with minimum latency

	Lucent
	May not be needed.
	Synchronized RACH suffers from collision and dimensioning synchronized RACH for scheduling request could be a problem. We are studying alternatives.


5. Support of long and short preamble lengths but resources assigned to RACH is always 1 ms (Refer IPW slides).

	Qualcomm
	Keep the existing 1 ms structure. 

Our analysis indicates that in order to satisfy the link budget (95% coverage for scenario D3 – path loss roughly 140 dB) it is necessary to utilize RACH preamble of approximately 1 ms (long preamble in IP wireless terminology). Our concern with the short preamble, as suggested in IP wireless slides is that for UEs at the cell edge in Rayleigh fading the successful rate of the access probes would be no more than about 50% for each attempt.

	IP Wireless

	Both a long (e.g. 0.8ms) and short (e.g. 0.4ms) preamble lengths are supported for RACH, and resources assigned to RACH are always at least 1ms.  

Preamble length >0.5ms is not really needed even for large cells under the assumption that cell edge rates for UL-SCH are 64kbps or better.  Other advantages includes
· longer guard times are possible for a given 1ms RACH allocation since the preamble can be shorter (this means that cell sizes up to around 87km may be supported in 1ms instead of only 12km with the current structure)
· RACH capacity may be increased for cells with UL-SCH data rates >= 64kbps (normal case) 
· we avoid the over-dimensioning problem with the current proposal in which any cell sizes over 12km require a 2ms (integer TTI) allocation (which is sufficient for a rather unlikely 162km range)


6.  Effect of frequency error. It was pointed out by Nokia and Fujitsu (R1-062821/062746) that to combat frequency error shorter ZC sequences and repetition is required.

	Qualcomm
	We think we should consider this issue in the context of the overall access procedure. The impact of the frequency error is only likely to be translated into poor timing control of the first uplink message send on UL-SCH. eNode B can then send the new timing advance to correct UL timing for any other UL-SCH message.

	Fujitsu

	If the sequence index is larger than 1 and the frequency offset is large, side peaks appear in the receiver window. And if the cyclic shift is applied to preamble sequences, as the maximum side peak can appear at an incorrect position, the probability of mis-detection of signature index increases.
Proposal of "0.1+ 2x0.4 + 0.1" preamble structure or "0.4ms CP + 0.4ms ZC + 0.2ms GT"
“2x0.4ms ZC + 0.2ms GT” and "0.4ms CP + 0.4ms ZC + 0.2ms GT" are the same from the viewpoint of “over-the-air” transmission (i.e. they appear the same over the air). How the first 0.4ms sequence is processed at eNodeB receiver could be left to the hardware implementation issue although the obtained gain may differ.

The use of 2x0.4ms sequences can be either "mandatory" or "optional." Separate asynchronous random access slots for 0.8ms and 2x0.4ms sequences may be introduced.

	Nokia
	As presented in R1-062821 we think that long about 0.8 ms ZC sequences are not good in the presence of frequency error. 
Optional structure of 0.1ms CP, 0.4ms ZC sequence repeated twice and 0.1 ms guard interval. This structure is optional with the 0.8 ms ZC sequence, and only one structure is used in a cell.  
Also as presented in R1-062883 we propose that spectrum shaping is applied to preamble in order to reduce interference from non-synchronized RACH to adjacent RBs and to reduce the cubic metric of the preambles.

	Lucent
	We have pointed out the problem of frequency offset in our contribution R1-062387, particularly when CP is not used. With CP, we propose two preamble structures:

· Option 1: Repeated preamble structure with 102.6 µs  CP + 0.4ms preamble x 2 repetition + 97.4 µs  GT 

· Option 2: 102.6 µs  CP + 0.8ms preamble + 97.4 µs  GT 

The choice of the preamble should be configurable depending on environment and deployment scenario. Once configured, the same preamble should be used for all UEs belonging to the same cell.  

	Panasonic
	Based on our evaluation R1-0623181, the false alarm performance degradation of 800us ZC sequences with cyclic shift sequences is not acceptable in the presence for very high speed UEs.
We think any solution would be necessary to satisfy mobility requirement, and the repetition of shorter sequence is not only solution.






























































































































































































































































