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1. Summary of RACH e-mail reflector discussion
To progress work on non-synchronized random access, an e-mail reflector discussion was started on the following topics –
(a) Do we always have 64 sequences or one can have less number of sequences for high mobility cells?

(b) Sequence design for normal and high mobility cells.

(c) We agreed to have different repetition factors for different cell sizes.  What are the possible repetition factors?

(d) Ability to schedule data in the random-access region. Although this is implementation specific it should not be excluded.

(e) Details of non contention based scheduling request mechanism for synchronized users. 
Table 1 summarizes the views regarding (a) – (d) from participating companies.  
Table 1.  Summary of random access email discussion (a) – (d).
	Company
	(a)

Number of Sequences
	(b)

Sequence Design
	(c)

Repetition Factor
	(d)

Data Trans

	Fujitsu
	64 sequences
	
	
	Allowed – NodeB implementation issue.

RACH itself and “RACH location” could be used:

1. Allow some UEs to transmit small-size data from certain RACH slots

2. When in light cell load or some other situations, some places for RACH slots are not used for random access, but used for UL scheduled data transmission instead.

	Qualcomm
	Always 64 sequences 
	
	Repetition factor should account for increased timing uncertainty for larger cells. Therefore, we should repeat the prefix and not the sequence itself, since the baseline design provides enough energy for solid cell edge performance.
	

	Texas Instruments
	Always 64 sequences
	Normal cell - sequence length of 839 which provides one 15kHz sub-carrier protection one each side of the preamble and removes the need for any additional filtering roll-off.

High mobility cells - Nokia/LGE's solution based on cyclic shifts restrictions.
	
	

	Samsung
	Always 64 sequences
	Helpful to clarify what should be further discussed at stage-2 level in addition to the limitation on the set of cyclic shifts
	Need careful evaluation on the tradeoff between the coverage and the delay in the response
	Allowed –

Node B implementation issue

	Ericsson
	Prefer to keep the number 64

Two possible issues - 
1. Will the sequence limitation to handle high Doppler cause a limit <64? 
2. Relation to alternative frame structure.

	
	In extremely large cells, were coverage may call for repetition, the random access delay may not be a significant problem. The number of repetitions from a coverage perspective needs to be addressed, but we do not think the relation to delay is critical in this case.
	Allowed –

Node B implementation issue

	ZTE
	Always 64 sequences
	
	The repetition should consider to extend the preamble length, CP length and GT length, but maybe not scaleable, as the preamble length is not only determined by RTD, but also by the non-linear path loss relation.

The path loss affect is more important.
	Allowed –

Node B implementation issue

	LGE
	64 sequences is a maximum and allow less number of sequences for more flexibility.
	Similar information as in case without cyclic shift restriction can be transmitted on BCH (the minimum cyclic shifts for each cell and sequence index to be used).
	Repeating the preamble at least twice is enough to cover 100Km.  Performance impact with larger repetition factor is FFS.
	Allowed –

Node B implementation issue

	Panasonic
	Always 64 sequences
	Frequency domain definition of Zadoff-Chu which allows simpler implementation than time domain definition.
	RACH repetition factor the same or less than   repetition factor of ACK/NACK.
	Allowed –

Node B implementation

	Motorola
	Always 64 sequences
	
	
	Allowed –

Node B implementation

	CATT
	For EUTRA TDD with alternative frame structure, always 16 sequences in each cell.

Two RACH opportunities exist in every 10ms. 
	For EUTRA TDD with alternative frame structure,

small cell size - the short sequence can work well even for high mobility situation. 

larger cell size - the solution based on CS limitation still needs further evaluation under high mobility condition
	
	For small cell size, RACH is transmitted in UpPTS, and data in the random-access region is not allowed.

For larger cell size, allowed –

Node B implementation

	ETRI
	Always 64 sequences
	
	For the cell size which baseline preamble energy is acceptable, extending CP length and GT length without repeating the sequence itself is preferred.
	

	Nokia
	64 signatures should be only the upper limit
	UEs and eNB list the available sequences based on the parameters carried in the System Information and a standardized sequence restriction scheme. The parameters are an index for the first ZC root sequence, a parameter corresponding to the delay uncertainty and defining the length of a cyclic shift, one bit telling if the signature restrictions for high mobility cells are in use and the total number of sequences and their grouping
	We are proposing a flexible system where a few CP lengths (for instance 0.1, 0.2, 0.4 and 0.8 ms) and a few sequence repetition factors (for instance 1, 2, 3, and 4) would be defined. Combining these and, if necessary, adding a full subframe as a guard time, would support different combinations of coverage requirements and delay uncertainty.
	Allowed –

Node B implementation

	Siemens
	Allow configuration of less than 64 sequences per cell to reduce NB RACH-related processing power like it is used in WCDMA
	
	We prefer to minimize options optimally to only 2 preamble formats: the baseline and an extended one to cover the max cell range
	Implementation specific, but we are fine to rule it out because: not clear gains, data-to-RACH interference

	Alcatel-Lucent
	Maximum of 64 sequences. 

Fewer sequences for restricted sequence set.
	Normal cells: Time-domain Zadoff-Chu sequence.

Cells with high-speed UE operation: Zadoff-Chu sequence with sequence restriction per cell basis.


	Repetition as needed for coverage requirements. Prefer small number of repetition factors (2?).
One issue may be current 0.8 ms preamble may result in ambiguity when the cell radius is larger than 120km.
	Allowed –

Node B implementation


Table 2 summarizes the views regarding (e) from participating companies.
Table 2.  Summary of random access email discussion (e).

	Company
	(e)
Non contention based scheduling request mechanism

	Fujitsu
	When a UE has user data to transmit but has no radio resource assigned for it, the UE sends a scheduling request indicator, using CQICH. When a scheduling request is being sent over CQICH, then CQI is temporary not sent over the CQICH. CQI bits and SR bits from a UE can exist in the same sub-frame or the same slot.

	Qualcomm
	Reuse CQICH for sending UL requests in order to minimize system overhead. Introduction of an additional channel for non-contention based requests would unnecessarily increase system overhead.

	Texas Instruments
	We think the CQI channel will not be sufficient to address the large number of UL synchronized UEs expected in LTE_ACTIVE. The (non-synchronized) RACH may be envisioned for that purpose but in low-density cells only.

In high density cells a specific channel should be designed for scheduling requests. The candidates for such channel presented in Sorrento are based on the same principle, 1-bit non-coherent detection, but differ on the structure: preamble-based or UL sub-frame format (CS-ZC in LBs with orthogonal modulation on top). We support the preamble-based approach since it provides more contention-free UL resources in less overhead. In addition, the attached wideband pilot (1 LB over 8 RBs) provides double advantage to allow for TA and UL CQI estimation (for frequency-dependent scheduling of msg3). As a result, such channel also provides the benefit to carry TA requests in addition to scheduling requests (and any other UE autonomous request).

	Samsung
	In our view, it would be straightforward to have a dedicated resource for the scheduling request. Reusing the CQI to send 1-bit scheduling request is a possible alternative. However, this approach would result in the loss of CQI report when the UE sends a scheduling request. There may be a bit long delay in sending the scheduling request depending on the configured CQI report period. 

To avoid these issues, we prefer to configure the separate resource for the scheduling request. Considering that the scheduling request would be on/off indicator, the non-coherent signaling should be a good candidate, since it does not need to be accompanied by the RS (no additional RS overhead). There are proposals to use orthogonal (e.g. Walsh) covering for the coherent ACK/NACK signaling to increase the ACK/NACK capacity. Such orthogonal covering can be used to multiplex the scheduling request without RS (non-coherent signaling). 

	ZTE
	CQICH may be a good choice for non contention based scheduling request mechanism. When there is no CQICH, the dedicated channel should be supported for scheduling request, the dedicated channel may be based on CDM.

	LGE
	Our view is, when a UE has something to send in uplink, one bit resource request indicator rather than whole resource request information can be added to the existing uplink control channel, preferably over CQICH so that Node B scheduler can be informed of whether a UE requires uplink resource or not. Also, depending on how to design the contents of the uplink control channel, it may be possible to reserve one specific control signal state as resource request indicator without imposing any additional overhead on uplink control channel. However, in this case, the information on CQICH cannot indicate the CQI value itself but just the scheduling request indicator. 

	Panasonic
	We prefer to use existing L1/L2 control signaling, e.g. CQICH, for simplification.

	Motorola
	· If UE has pending uplink data assignment:

· Scheduling request is transmitted in-band with uplink data

· If UE has no uplink data assignment but pending data non-associated control signalling (e.g. CQI):

· SR indicator is multiplexed with data non-associated control signalling

· If UE has no uplink data assignment and no pending data non-associated control signalling, scheduling request is sent using:

· Dynamic contention-free scheduling request mechanism, or

· Dedicated signatures in random access

	Nokia
	We prefer separate scheduling request resources instead of using CQI channel also for this purpose. The scheduling requests are send in the same format as ACK/NACK in the UL shared control channel resource. Our concept for ACK/NACK multiplexing is presented in the contribution R1-070998 of the meeting in St. Louis. Only positive scheduling request needs to be transmitted. Considering the link performance and multiplexing capacity, this scheme is competitive with the other proposed schemes designed specially for the scheduling requests.   

	Siemens
	In case the UE has no UL grant, we prefer to re-use existing L1/L2 control signaling (e.g. CQI) for a scheduling request indicator. In presence of UL data transmission, a scheduling request should be transmitted in-band, multiplexed with data (within the scope of RAN2). No additional mechanism is needed since when all UE resources are de-assigned (UL-SCH and UL data non-associated control signalling resources) the UE is out-of synch and uses the RACH for a scheduling request.

	Alcatel-Lucent
	Considering that significant time-frequency resource is required to satisfy the coverage requirements, reusing existing channels is preferable. For example, we can use UL sounding pilot (CQI pilot) to convey the SR information. This scheme is similar to non-coherent ACK/NAK transmission except that it does not require additional resources. Contribution R1-071072 describes the proposal.


In addition, several other issues were discussed on the email reflector:
1. Random access burst structure – Texas Instruments proposed a slight change in the CP/GT dimensioning from the current durations:  CP = 100µs / GT = 100 µs to proposed durations CP = 102.604 µs (197 samples at 1.92 MHz) GT = 97.395 µs (187 samples at 1.92 MHz).  This was also supported by Panasonic.
2. Ericsson raised two issues regarding the number of preambles – (1) will the sequence limitation to handle high Doppler cause a limit <64? and (2) relation to alternative frame structure.  LGE responded that this is related to the reuse factor and they do not see a problem with supporting 64 preambles in high mobility cells.
Proposed way forward:

a. Agree that 64 preambles are always supported in each cell.  

b. Node B is allowed to schedule uplink data transmission on resource blocks that fall in the random access channel.  Implementation is left specific to the Node B.
c. Most companies prefer to transmit the scheduling request indicator using an existing L1/L2 control channel (e.g. CQICH).  For cases such as when UE has no uplink data assignment and no pending data non-associated control signalling, additional mechanism should be investigated.
d. For items (b) and (c) there was no clear consensus. 

2. References

1. R1-070612, “Summary of SCH and RACH session,” Ad-Hoc Chairman, RAN1#47-bis, Sorrento, Italy, January 2006.




























































































































































































































































