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Introduction

In this contribution we complement the summary of the proposed random access procedures provided in [1] and give more insight into a design that appears to have most support in RAN 2. We also provide an alternative design for comparison purposes. Throughout the text we refer to call flow shown in Figure 1.
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Figure 1: Initial random access procedure
2 Access procedure – option 1
It can be concluded from [1] that at this moment, the following design alternative has most common ground amount companies participating in the discussion. 

· Message 2 is sent on L1/L2 control + DL-SCH

· C-RNTI is assigned in Message 2
· ID used before C-RNTI is assigned is RA-RNTI

· Size of Message 3 is dynamic

· Message 4 (Contention resolution) and RRC connection set up can be merged
2.1 Message 2 sent on L1/L2 control + DL-SCH

This design alternative is the most flexible one. It allows eNode B to respond to the access probe with a large message, which is seen as a benefit of this approach. 

However, it can also be seen as an issue. According to [2], the size of L1/L2 control message is at least 40 bits. Given the fact that DL-SCH RAN 1 decided that CRC field on DL-SCH is 24 bits, 64 bits are used only to point to a specific DL-SCH location. 

The minimum information that eNode B needs to convey to UE consists of:

· Timing advance (~8 bits)
· Signature sequence (6 bits)

· UL resources (~24 bits)

In addition, message 2 could also include:

· C-RNTI allocation (16 bits)

· MAC header (~8 bits)

· Message type (~8 bits)

· Other data, such power adjustment to Message 3, possibly CQI resources, etc
It appears that the message size is approximately 100-150 bits. To exacerbate the issue, Message 2 should not (and RAN 2 agreed not to) use HARQ. The area of concern is 1.25 MHz deployment and cell edge UEs. Our simulations indicate that at 95% coverage, entire sector capacity is at most 300 kbps in AWGN, which corresponds to 300 bits when TTI=1 ms. 
Hence relatively larger Message 2 leaves very little room for the fading margins and therefore makes the access procedure slow for those UEs. In addition, QoS of other traffic may be impacted, since entire (or significant portion) sector power would be allocated to message 2. For this reason, we recommend that RAN 2 consults RAN 1 on the feasibility of this approach. 

2.1.1 Impact on the signature sequence content
This approach requires at least 1 bit allocated to DL CQI. 

2.2 C-RNTI is assigned in Message 2

Given the fact that the size of Message 2 is flexible and neglecting the link budget issues for some scenarios, there is a plenty of room for the assignment of C-RNTI at this point. 
An argument for not including C-RNTI is that the contention is not yet resolved. However, this does not appear a real issue, since even though in case of collisions UEs that collide are assigned the same C-RNTI, only UEs that successfully resolve contention keep the assigned C-RNTI. UEs that need to access the system again obtain new C-RNTI when they repeat the access procedure. 

Assignment of C-RNTI in Message 2 in conjunction with the use of RA-RNTI for Message 2 enables HARQ for Message 4. In principle, HARQ could be employed with the RA-RNTI as well, but in this scenario RA-RNTI cannot be used to broadcast Message 4 to multiple UEs and hence the value of RA-RNTI is diminished. 
Note that other than the two issues discussed above, assigning C-RNTI in Message 4 does not fundamentally change the access procedure and it could be considered as Option 1a.

2.2.1 Impact on the signature sequence content
This approach has marginal impact on the sequence content. In principle, the larger the Message 2, the larger the need to including CQI into the information content of Message 1. 

2.3 ID used before C-RNTI is assigned is RA-RNTI
RA-RNTI identifies the RACH and not the signature sequence. Hence, Message 2 is broadcast in nature. Also, the use of RA-RNTI implies that Message 2 be sent on L1/L2 control + DL-SCH. L1/L2 control alone cannot be used since it is too small. 
Given L1/L2 + DL-SCH design, the benefit of RA-RNTI is that only single L1/L2 control channel can be used to address multiple UEs, which access probes were successfully received. However, these gains should be evaluated with the likelihood of receiving multiple access probes at eNode B given the fact that the design should ensure that collisions on RACH are relatively rare, the likelihood of receiving multiple access probes at eNode B is relatively small and hence the benefits of RA-RNTI.    
2.3.1 Impact on the signature sequence content
This approach has marginal impact on the sequence content. In principle, including CQI into the information content of Message 1 enables possible grouping of access probes according to their CQI and hence better power control of Message 2.  

2.4 Size of Message 3 is dynamic

In order to speed up the access procedure, it is beneficial that the size of message 3 can accommodate relatively large NAS messages. Since the worst case link budget scenario prevents the accommodation of NAS messages on Message 3, there is some benefit in dynamic configuration of the size of Message 3.

The issue with the large Message 3 is that in case of imperfect timing adjustment sent on Message 2 due to collisions on RACH or the improper detection of the main lobe of ZC-ZCZ sequence (see R1-062821 and R1-062746 for an issue that arises for high speed UEs) interference to other slots could become excessive. Hence in order to minimize interference to other UEs, it is important that Message 3 be power controlled with Message 2. 

2.4.1 Impact on the signature sequence content
This approach has an impact on the sequence content. In addition to CQI, it is recommended that the power headroom and buffer size information be included into the information content of the access signature sequences. 
Power headroom in addition to the received power level of Message 1 provides more information than the path loss alone. As an example, two UE can measure the same path loss, but the UE with the maximum transmit power of 24 dBm has more power headroom than the UE with the maximum transmit power of 21 dBm.
Buffer info is less critical, but if included it allows eNode B to select appropriate size of Message 3. Buffer info and power headroom could be combined, so that a larger size is selected only if UE has enough power and data.  

2.5 Message 4 (Contention resolution) and RRC connection set up can be merged
In our view, UE would repeat the access procedure if it does not receive Message 4 with its unique ID indicating that it has successfully accessed the system. Therefore, it is necessary to ensure that the UE uses proper timer value so that in case Message 4 does not include successful contention resolution, UE can restart the access procedure. 
Merging Message 4 and RRC connection set up message could impact the timer values. There could be default value specified for the timer, which could be overwritten with the value broadcast on BCH or specified in Message 2. 

In our view this issue is to a large extent not related to other issues.   
2.5.1 Impact on the signature sequence content
This approach has no impact on the sequence content.

3 Access procedure – option 2

An alternative to the procedure described in Section 2 is the following: 

· Message 2 is sent on L1/L2 control

· C-RNTI is assigned in Message 4 or after
· ID used before C-RNTI is assigned is I-CRNTI

· Size of Message 3 is static or dynamic

· Message 4 (Contention resolution) and RRC connection set up can be merged

3.1 Message 2 sent on L1/L2 control

This design alternative is the most spectrally efficient one. It allows eNode B to respond to the access probe with a spectrally efficient message. Since there is not much room in the L1/L2 control message it is necessary to restrict UL-SCH grant in order to make room for the timing advance. Also, I-CRNTI need to be used in order to address each UE attempting to access the system.
The minimum information that eNode B needs to convey to UE consists of:

· Timing advance (~8 bits)

· Signature sequence (0 bits) – part of I-CRNTI and it could be xOR’d on CRC
· Location of UL resources (~5 bits) – sufficient for static size of Message 3 (transport block size and MSC is fixed)
In addition, Message 2 could also include:

· Size of UL resources (~2-3 bits) – allow for dynamic size of Message 3 (restricted set of options)
· Power adjustment (~4-6 bits)

· Timer value for Message 4 (3 bits)

It is reasonable to assume that control channel design provides for a total of 40 bits for L1/L2 control channel. Given that 16 bits are reserved for CRC, 24 bits are available for UL grant and possible size and power adjustments to Message 3. There may also be room for the dynamic control of the timer value for Message 4. 
3.1.1 Impact on the signature sequence content
In its basic form, this approach does not require additional info to be conveyed as part of the signature sequence. CQI can always help but it is not as critical as when Message 2 is sent over L1/L2 control + DL-SCH. Power headroom (possibly combined with buffer info) is desirable in order to support dynamic size of Message 3. 

3.2 C-RNTI is assigned in Message 4 or after
Given rigid size of Message 2, the assignment of C-RNTI is only possible in Message 4 or after. 
3.2.1 Impact on the signature sequence design

This approach has marginal impact on the sequence design. In principle, CQI in Message 1 could be beneficial, but given that only Message 4 is large, CQI could be conveyed as part of Message 3 as well. 

3.3 ID used before C-RNTI is assigned is I-CRNTI

I-CRNTI identifies the RACH, actual signature sequence, and possibly time of access. It takes up to several percent of C-RNTI space.      

3.3.1 Impact on the signature sequence content
This approach has no impact on the sequence content.  

3.4 Size of Message 3 is static or dynamic

In order to speed up the access procedure, it is beneficial that the size of message 3 can accommodate relatively large NAS messages. Since the worst case link budget scenario prevents the accommodation of NAS messages on Message 3, there is some benefit in dynamic configuration of the size of Message 3.

The issue with the large Message 3 is that in case of imperfect timing adjustment sent on Message 2 due to collisions on RACH or the improper detection of the main lobe of ZC-ZCZ sequence (see R1-062821 and R1-062746 for an issue that arises for high speed UEs) interference to other slots could become excessive. Hence in order to minimize interference to other UEs, it is important that Message 3 be power controlled with Message 2. 

3.4.1 Impact on the signature sequence content
Static size for Message 3 has minimal impact on signature sequence content. To a certain extent power headroom could be useful for power control purposes. However, dynamic size of Message 3 has an impact on the sequence design. It is recommended that the power headroom and buffer information be included into the information content of the access signature sequences. 
Power headroom in addition to the received power level of Message 1 provides more information than the path loss alone. As an example, two UE can measure the same path loss, but the UE with the maximum transmit power of 24 dBm has more power headroom than the UE with the maximum transmit power of 21 dBm. 

Buffer info is less critical, but if included it allows eNode B to select appropriate size of Message 3. Buffer info and power headroom could be combined, so that a larger size is selected only if UE has enough power and data.  

3.5 Message 4 (Contention resolution) and RRC connection set up can be merged

In our view, UE would repeat the access procedure if it does not receive Message 4 with its unique ID indicating that it has successfully accessed the system. Therefore, it is necessary to ensure that the UE uses proper timer value so that in case Message 4 does not include successful contention resolution, UE can restart the access procedure. 

Merging Message 4 and RRC connection set up message could impact the timer values. There could be default value specified for the timer, which could be overwritten with the value broadcast on BCH or if room specified in Message 2.   
In our view this issue is to a large extent unrelated to other issues.   

3.5.1 Impact on the signature sequence content
This approach has no impact on the sequence content.

4 Conclusions

In this contribution we presented two approaches for random access procedure. The first approach is flexible, while the second is spectrally efficient. The impact on signature sequence content is discussed. The following information is seen as useful:
· Power headroom and buffer information (separate or merged) if dynamic size of Message 3 is supported. 

· log2(N) bits for N different sizes 

· CQI, particularly in case when Message 2 is sent over L1/L2 control + DL-SCH
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