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1
Introduction
This document is related to the RAN 2 LS on the UL grant for random access Message 3 [1]. The preamble response contains an UL grant for the transmission of the random access message 3. The message 3 grant was discussed in Ref. [2] where a number of modifications were proposed compared with the normal UL grant. Most of these are evident but here we continue discussion on the RB and MCS assignment, TPC command, and UL index. The size of the grant is tentatively set to 21 bits [2] in order to reach byte alignment when the grant is combined with the 11 bits of Time Alignment (TA) Command. If the UL grant and TA Command do not fit to four bytes, the number of bits per acknowledged preamble will increase from 56 to 64 bits. 
2
Discussion
2.1
RB and MCS assignment

RAN 2 has agreed that the minimum size allocated for Message 3 is 80 bits. It is unclear what other sizes should be assumed, but it seems obvious, as also pointed out in [2], that full flexibility is not needed but RBs could be signalled with fewer bits than in normal UL grant. Also the number of MCS bits could be reduced. QPSK 1/3 on four RBs would already provide a message 3 of 384 bits. This could be a reasonable upper limit for the size taking into account that probably only control information would be transmitted on Message 3. Maximum allocation of 8 RBs would mean that, depending on the BW, from 5 to 10 bits would be needed for RB indication. We are also assuming that 4 bits would be enough for MCS, but details of this optimization can be agreed only after decision on the normal MCS table. At least the highest code rates would not be useful taking into account the limited size of Message 3.  
2.2
PC command

Because the preamble power is adjusted with unreliable open loop power control, it would be beneficial to include a closed loop power control command in the UL grant of the preamble response. The command would be used for setting the PUSCH and PUCCH power control according to the power control equations 
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(Eq. 1)
and



[image: image2.wmf])}

(

)

(

,

min{

)

(

TF_PUCCH

O_PUCCH

MAX

PUCCH

i

g

TF

PL

P

P

i

P

+

D

+

+

=

(dBm) 







(Eq. 2)
of 3GPP 36.213. The transmission power of the preamble is 
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(Eq. 3)
where 
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 is  the broadcasted target power, 
[image: image5.wmf]PL

 is the path loss that UE estimates from DL and  
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 is the power ramp-up applied for preamble retransmissions. When UE receives the power control command  
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 in the preamble response, the UE specific parameters are set according to the following equations: 
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(Eq. 4)
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and
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Here 
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In the procedure described above, the open loop errors are principally taken into account by adjusting the UE specific constants, and the power control states g and f obtain nonzero values only if the ranges of the UE specific constants are not sufficient. The other alternative is to implement the corrections principally by initializing the power control states. We do not see much difference between these alternatives. One could argue that adjusting principally the UE specific constants would introduce the problem that then eNB does not know the UE specific parameters 
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. However, if the power control state is accumulated, adjustment of these parameters is always difficult, because after several power control commands eNB can never be sure about the values of 
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 are set, eNB should actually know the sum of the UE specific constants and the power control states before it can without a problem adjust the UE specific constant.  
Another weakness of the proposed method of initialization is that it does not work optimally when two UEs transmit the same preamble sequence and fractional PL compensation is in use. The situation is worst when the preamble of a UE with large PL is received stronger than the preamble of another UE with small PL. The fractional PC could then mean that Message 3 of the UE with small PL is received stronger than the Message 3 of the UE with the large PL, which would make detection of the weaker Message 3 less likely although its TA would be correct. The stronger Message 3 would not often be detected correctly because its TA would be incorrect.  In order to avoid this problem, the method described with the Equations 1-7 could be reserved only for contentionless Random Access. UEs that use contention based random access would make full pathloss compensation and would set the power of Message 3 according to the equation 
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(Eq. 8)

Here 
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 is a nominal offset between the preamble and Message 3 powers. It could possibly be standardized so that no additional system information parameter would be needed.  After contention resolution UE could intialize the power control parameters according to Eq. 1 -7. Alternatively, UE could report as early as possible, preferably already in Message 3, the power offset between the used power and the power calculated with the PC Equation 1. With this knowledge, eNB could then initialize the UE specific constant.  
On the negative side, the range of 
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 should cover the maximum positive open loop PC error. In principle, some additional range could be needed because of power ramp-up that can take place due to preamble collisions even if preamble power exceeds the target power. However, we think this additional range is not important in practice. On the positive side, the range of 
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 should cover only the smaller of the two quantities: (a) maximum negative open loop error and (b) the difference between the target power and detection threshold.  We propose that 
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 can have values from -8dB to 6 dB in steps of 2 dB, meaning 3 bit TPC field in the grant.
2.3
UL delay
It was proposed in Ref. [2] that the Message 3 grant would not contain UL index even in case of TDD but, instead, Message 3 grants would point to the first UL subframe allowing the processing time of 5 ms – Timing Advance.  This would mean that Message 3 transmissions would tend to condense to the first UL subframes after the special subframes, setting limitations to scheduling of UL resources. The problem is worst with preamble format 4 but exists also with other preamble formats when the preamble retransmission delay is wanted to be kept at 10 ms. We propose that a two bit UL delay parameter is included to the UL grant for delaying the allocation from 0 to 3 UL subframes compared with the nominal subframe. The nominal subframe is the first UL subframe allowing the processing time of 5 ms – Timing Advance.
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Figure 1. The time relations of preambles, preamble response windows, and the first UL transmissions with some TDD configurations.  A, B, and C show the situation if the Msg. 3 grant points to the UL subframe as proposed in Ref. [2], while D shows distribution of allocations if UL delay parameter is in use.  In the figure, the preamble response window is adjusted to the maximum width still providing 10 ms preamble retransmission delay. Without UL delay parameter, all the Messages 3 (first UL transmissions on PUSCH) are allocated to the same subframe. With a 2-bit UL delay parameter, the Message 3 allocations can be evenly distributed.
The delay parameter would be useful also in FDD. If the RACH resources are dimensioned optimally, the mean number of preambles per PRACH occasion does not depend on the BW i.e. when the BW becomes smaller the relative load due to messages 3 becomes larger in certain subframes. The load can be distributed by dividing the preamble responses to several messages 2 inside the response window. However, this wastes DL resources and is not necessarily even possible because the processing delays may mean that the width of the response window is just one subframe if the 10 ms retransmission delay is desired. This happens if the RACH receiver is dimentioned for the processing time of 4 ms from the end of the preamble to the beginning of Message 2 (the typical processing time mentioned in Ref. [3]) and when the processing time from the end of the message 2 to the beginning of the retransmitted preamble is 4 subframes, as has been agreed [3, 4].     

In case of FDD, UL delay parameter would be important at low system BWs. Therefore, if better use of the two bits can be found, an alternative would be to utilize the redundant RB bits for UL delay when the system BW is narrow: The “RB assignment” field would then become “RB assignment and UL delay” field such that, depending on the system BW, 5 - 10 bits are used for RB assignment and some or all of the remaining 5 - 0 bits are used for UL delay.

Introduction of the UL delay parameter would mean little additional complexity. The functionality of delayed allocations is needed for normal UL allocations on the TDD side. The complexity impact on the FDD side is small because Message 3 grant itself is already handled differently compared with the normal UL grants: the grant is a part of a MAC message instead of being readable by the physical layer. At least the modelling must be such that MAC delivers the grant to the physical layer, and adding a possible delay in that connection is not complicated. 
3 Conclusion
The proposed content of the UL grant in preamble response is shown in Table 1. It seems possible to include all the necessary information in 21 bits that would be the optimal size for the MAC message. In Section 2.2 we presented ideas on the initalization of PUSCH and PUCCH power control after or during a Random Access procedure.   
Table 1. UL grant for Message 3.

	Field
	Number of bits in Message 3 grant

	Frequency hopping
	1

	RB assignment
	5-10 depending on the system BW, assuming maximum 8 RB allocation.

	MCS
	4

	TPC 
	3 

	UL delay (TDD and FDD)
	2

	CQI request 
	1
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