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1 Introduction
In previous RAN2 meeting in Seoul, proposals for RACH procedure were discussed and based on the discussion; a number of open issues in RACH procedure are identified. Document [1] summaries the proposals for the open issues in RACH procedure. According to the summary given in [1] three main proposals for RACH procedure can be identified.

Proposal 1: I-CRNTI based procedure 

Physical channel used for Message 2 -> L1/L2 control channel: contains UL scheduled resource grant, TA, users identification based on I-CRNTI 
Allocation of C-RNTI -> Message 4: permanent C-RNTI is allocated after the contention resolution.

Merging of Contention resolution and RRC connection setup message ->yes

Physical channel used for Message 4 ->L1/L2 control channel + DL-SCH: L1/L2 control channel contains DL resource grant for DL-SCH and intended user is identified by I-CRNTI. DL-SCH contains the RRC connection setup message including the UE unique ID which can be used for contention resolution. Permanent C-RNTI is allocated. 
Proposal 2: RA-RNTI based procedure 1
Physical channel used for Message 2 -> L1/L2 control channel + DL-SCH: L1/L2 control channel contains DL resource grant for DL-SCH and intended users are identified based on RA-RNTI (i.e. preambles transmitted on the same physical RA channel share a common RA-RNTI: shared by 64 UEs). DL-SCH contains RA-ID (which identify individual RACH access UE), TA and UL resource grant for each UE which has accessed on the same physical RA channel. 

Allocation of C-RNTI -> Message 4: permanent C-RNTI is allocated after the contention resolution. 
Merging of Contention resolution and RRC connection setup message -> yes? No?

Physical channel used for Message 4 ->L1/L2 control channel + DL-SCH: L1/L2 control channel contains DL resource grant for DL-SCH and intended users are identified by RA-RNTI. DL-SCH contains the RRC contention resolution message or RRC contention resolution message and RRC connection setup message. Permanent C-RNTI is allocated. 

Proposal 3: RA-RNTI based procedure 2

Physical channel used for Message 2 -> L1/L2 control channel + DL-SCH: L1/L2 control channel contains DL resource grant for DL-SCH and intended users are identified based on RA-RNTI (i.e. preambles transmitted on the same physical RA channel share a common RA-RNTI: shared by 64 UEs). DL-SCH contains RA-ID (which identify individual RACH access UE), TA, UL resource grant and (temporary) C-RNTI for each UE which has accessed on the same physical RA channel. 

Allocation of C-RNTI -> Message 2: (Temporary) C-RNTI is allocated before the contention resolution.

Merging of Contention resolution and RRC connection setup message -> yes? No?

Physical channel used for Message 4 ->L1/L2 control channel + DL-SCH: L1/L2 control channel contains DL resource grant for DL-SCH and intended users are identified by (temporary) C-RNTI allocated in Message 2. DL-SCH contains the RRC contention resolution message or RRC contention resolution message and RRC connection setup message. Permanent C-RNTI is allocated.
In this paper, we compare the three different proposals listed above in terms of radio efficiency, complexity, power control capability, message size and identifier space.
2 Discussion
2.1 Calculation on DL overhead
Overhead calculation below assumes the UL/DL scheduling command format parameter values given in [2].
Table 1: parameter values for DL overhead calculation

	UL scheduling command
	DL scheduling command

	UE ID -16 bits
	UE ID -16 bits

	Resource assignment – 12 bits
	Resource assignment – 25 bits

	Duration of allocation – 2 bits
	Duration of allocation – 2 bits

	Transmission parameters – 10 bits
	Category 2 info – 10 bits

	
	Category 3 info – 6 bits


It is assumed that X bits are needed to indicate the Timing Alignment (TA) and N is the number of UEs access on one RACH instance. The total number of bits required to transmit the Message 2 according to different proposals can be given by:

Proposal 1-> Required total number of bits for Message 2 =  N(40 +X)

Proposal 2-> Required total number of bits for Message 2 =  59 + N(24 +X+Y)

Where Y is size of the RA_ID.

Proposal 3-> Required total number of bits for Message 2 =  59 + N(16+24 +X+Y)

Assuming X = 8 bits, Y = 6 bits (to indicate 64 preambles), Table 2 lists the required total number of bits as a function of the number of users accessing on RACH. 
Table 2: Required total number of bits for transmission of Message 2

	No of UEs
	Total number of bits: proposal 1
	Total number of bits: proposal 2
	Total number of bits: proposal 3

	1
	48
	97
	113

	2
	96
	135
	167

	3
	144
	173
	221

	4
	192
	211
	275

	5
	240
	249
	329

	6
	288
	287
	383

	7
	336
	325
	437

	8
	384
	363
	491

	9
	432
	401
	545

	10
	480
	439
	599


Proposal 1 requires the least number of bits to transmit Message 2 when the number of RACH accesses is lower than 6 attempts per RACH instance. Proposal 3 always requires a larger number of bits to transmit the message 2 compared to Proposal 1 and 2. Figure 1 shows the percentage of bit saving results with the use of Proposal 1 and 2 compared to Proposal 3.
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Figure 1: percentage of bit saving results with the use of Proposal 1 and 2 compared to proposal 3.
Conclusion: Fewer numbers of bits are required to transmit Message 2 with use of Proposal 1 and 2 compared to Proposal 3. Proposal 1 requires least number of bits to transmit Message 2 when the number of RACH access is lower than 6 attempts per RACH instance.

Note: It is shown in [3] that the worst-case load on RACH is 30 attempts per second considering the busy hour traffic mode. This yields to 0.3 attempts (on average) per RACH instance assuming RACH occurrence is every 10 ms.
2.2 Issues regarding merging of Contention resolution and RRC connection setup messages
Contention resolution message (Message 4) needs to be transmitted to every RACH access UE in order to resolve the possible contention. The message should at least contain unique UE ID such as IMSI or TMSI.  After decoding the message, if the indicated unique UE ID matches with its own, the UE identify itself as been successful in the RACH access procedure. The message is intended to be transmitted over the DL-SCH in all the proposals listed above. The cost associated with this message can be reduced by merging the message with the RRC connection setup message under the assumption probability of contention is lower than that of HARQ re-transmission. However, some of the RRC connection setup information may not be available at the time of transmission of this message. In that case, the available information of the RRC connection setup message may be merged with the contention resolution message.
If contention resolution message and RRC connection setup message are to be merged, the message size of the message 4 increases hence the message is required to be transmitted with use of HARQ for reliable transmission. In order to allow HARQ operation for Message 4, the message should be targeted for the intended user, hence should be signalled with UE specific C-RNTI (if possible). Otherwise, a larger number of UEs would be sending ACK/NACK and causing un-controllable re-transmission.

Conclusion: If message merging is to be performed, then Message 4 should be signalled with a UE specific C-RNTI, not RA-RNTI which is shared by many users, in order to allow for HARQ procedure.

2.3 DL power control
Many contributions [4-6] proposed to include CQI or pathloss information implicitly within the preamble transmitted on RACH. One use of the CQI or pathloss information is to assist uplink resource assignment. However, the use of CQI for downlink power control or link adaptation can significantly decrease the required power for downlink transmission as shown in [6]. If no power control or link adaptation is performed then the data should be transmitted with (fixed) high transmission power to reach the desired cell coverage (e.g. 95%). As shown in [6], 6.7 dB power saving (on average) can be achieved with power control if 2 bits CQI information is received by the eNodeB.

However, the transmission power control or link adaptation is possible only if the message is targeted for each individual user. If the information indented for different users are transmitted together as proposed in Proposal 2 and 3 (message 2), the data should be transmitted with high power to reach the user who is furthest away from the eNodeB. If one user is at the cell edge then the message 2 should be transmitted to reach the cell coverage and hence loosing about 6.7 dB possible power saving. On the other hand, if Proposal 1 is supported, link adaptation or power control can be performed based on each user’s own CQI hence saving a significant amount of transmission power in downlink.
Conclusion: Power control or link adaptation on downlink transmission can save required transmission power significantly. Only Proposal 1 allows for power control or link adaptation on Message 2 on a per user basis.
2.4 L1/L2 control channel dimensioning 
In all three proposals above, Message 4 needs to be transmitted for contention resolution regardless of the cause of the RACH access procedure. Note that even for RACH access for UL-synchronisation requires Message 4 to be transmitted for possible contention resolution. Message 4 is proposed to be transmitted on a per user basis on DL-SCH (including associated L1/L2 control channel). Even though Message 4 is transmitted asynchronously with respect to message 3, in order to reduce the RACH access delay, Message 4 should be transmitted within an acceptable time window. Thus, L1/L2 control channels should be dimensioned taking into account the (average) number of RACH access attempts.
Conclusion: L1/L2 control channels should be dimensioned taking into account the number of RACH access attempts.

2.5 Issues regarding Timing Alignment (TA) signalling.
Discussion on transmission of TA is yet to be started in RAN1. However, it can be envisaged that the system will need to be able to signal an absolute value of TA with the RACH response.  Thereafter, to keep the UE UL synchronisation in RRC connected mode it could be possible to signal further absolute values for TA or differential updates could be used.  

The decision on TA should be made considering the transmission efficiency, required TA accuracy and update frequency.
Conclusion: TA control is yet to be decided in RAN1. However, it is required that an absolute value for TA is included in the RACH response (message 2).. 

3 Comparison
Based on the discussion in Section 2, the three proposals for RACH procedure are compared in the Table 2.

Table 2: Comparison of three alternative proposals for RACH procedure 

	Criteria 
	Proposal 1
	Proposal 2
	Proposal 3
	Note

	Bits needed for transmission of Message 2 on average RACH attempts
	Low 
	Moderate
	High
	Proposal 1 requires least number of bits to transmit Message 2 when the number of RACH access is lower than 6 attempts per RACH instance

	Merging of contention resolution and RRC connection setup messages
	Possible
	Not possible
	Possible
	If message merging to be performed, then Message 4 should be signalled with a UE specific C-RNTI, not RA-RNTI which is shared by many users, in order to allow for HARQ procedure.

	DL power control or link adaptation on Message 2
	Possible
	Not possible or worst-case user limited
	Not possible or worst-case user limited
	Power control or link adaptation on downlink transmission can save required transmission power significantly.

	Complexity
	Simple
	Moderate
	Moderate
	In Proposal 1, RACH response is same as the normal grant, hence the UE complexity is reduced. However, in Proposal 2 and 3, UE needs to decode the L2 message to identify the grant intended for it.

	Identifier space for transmission of Message 2
	Very small: 

192/65536
= < 0.293%
	Very very small:

3 -> 0.005%
	Very very small:

3 -> 0.005%
	Assume 64 preambles, one RACH instance per radio frame and 16 bits C-RNTI. It is assumed that permanent C-RNTI is received by the UE within a 30ms time window.


Based on the comparison above, Proposal 1 provides the most radio efficient procedure due to the reduction in DL overhead and capability to use per-user power control or link adaptation for Message 2. Also it allows for more efficient radio optimisation by merging the contention resolution message and the RRC connection setup message in Message 4. Furthermore, the UE behaviour during the RACH access according to Proposal 1 is similar to the normal shared channel operation, hence the Proposal 1 is simpler and more integrated compared to Proposal 2 and 3.

Even though Proposal 1 requires reserving 192 C-RNTIs from the available 65,536 C-RNTIs, compared to the radio efficiency and simplicity of the procedure, this would not cause any significant impact on the system.

According to Proposal 1, initial TA is signalled to the UE over L1/L2 control channel. Even though, L1/L2 control channel structure is yet to be decided in RAN1, as indicated in LS sent by RAN1 [7], the indication of initial TA in L1/L2 control channel is the RAN1 preferred option.
4 Conclusion

In this paper, we compared the three alternative proposals for RACH procedure on a technical basis. Considering radio efficiency (DL overhead, possibility for merging of contention resolution and RRC connection setup message and possibility for DL power control/link adaptation on Message 2) and complexity, Proposal 1 outperforms the other two proposals; hence it is preferable to select Proposal 1 for the RACH procedure in LTE.
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