General

The summary appears to presume that HARQ on msg4 would be the preferable option. To our understanding this has not been agreed. Both structure and content suggest that the document is an evaluation of whether it would be possible to employ HARQ on msg4, rather than an objective presentation of pros and cons of and a comparison of the merits of the alternatives, i.e. without or with HARQ for msg4 and C-RNTI allocated in msg2 or msg4. A few examples hereof:

· The possibility to use HARQ on msg4 is listed as a strength of allocating C-RNTI in msg2, i.e. it presumes that HARQ shall be applied to msg4 
· End of Section 3.1 reads: “... it seems reasonable to conclude that the C-RNTI should be allocated in msg2 if HARQ is to be applied to msg4 ...”. Here the order of presentation is confusing and implies that HARQ on msg4 is rather a preferred solution than just one option. One could equally well have expressed the conclusion with “The above analysis seems to imply that, unless HARQ needs to be applied to msg4 and cause can be included in msg1, C-RNTI should be allocated with msg4”. Admittedly this would have indicated a preference towards HARQ-less msg4. (A more neutral wording is proposed in the detailed comments below).
[DCM]

The objective of the email discussion was to conclude on the following two questions:
Q1. C-RNTI allocation timing: Msg2 or Msg4?

Q2. HARQ applicability to Msg4?

Naturally, there are four alternatives:


Alt.A: C-RNTI in Msg2 + HARQ on Msg4


Alt.B: C-RNTI in Msg2 + no HARQ on Msg4


Alt.C: C-RNTI in Msg4 + HARQ on Msg4


Alt.D: C-RNTI in Msg4 + no HARQ on Msg4

Alt.B and C are apparently inferior to Alt.A and D, and should be excluded from the discussion. Section 3.1 discusses Q1, but through the process of listing pros/cons, it eventually identifies that actually only two alternatives are viable, i.e., Alt.A and D. Section 3.1 is basically drawing out this tight coupling between Q1 and Q2, and identifying the two viable solutions Alt.A (=> Alt.1) and Alt.D (=> Alt.2), while also comparing Alt.A and D within the context of C-RNTI allocation.
 

While we believe that with sufficiently many and elaborate workarounds, problems can be solved in multiple ways, we also believe that simple and straightforward solutions are neat. It appears that, even with a HARQ friendly view, applying HARQ to msg4 implies:

· Longer and therefore less robust msg2 
[DCM]

Although this is true, “how less robust” is unclear. The impact of additional 16 bits in Msg2 may be small, as Msg2 would already convey the preamble ID, timing advance, and also UL grant, for initial access. In principle, the robustness of Msg2/4 without HARQ is equal. If the error probability would be large without HARQ, we believe it is a better strategy to have this at the front (Msg2), rather than at the back (Msg4). That is, failing at Msg2 is better than failing at Msg4, in terms of delay.
· Need for access cause indication in msg1, leading to reduced randomness and therefore increased collision probability 
[DCM]
Indication of access cause in Msg1 is preferable, but not an absolute necessity. The UE can discard either the old/new C-RNTI allocated in Msg2, if the UE already has a valid C-RNTI. Note that an indication of the access cause in Msg1 can also be beneficial in determining the size of UL grant necessary for Msg3, and hence shall not be looked at only from this aspect. The useful information to be included in Msg2 depends on the access cause, for example:


Initial access:

preamble ID, timing advance, UL grant, C-RNTI


UL re-synch:

preamble ID, timing advance


HO access:

preamble ID, timing advance, UL grant


UL scheduling request:
preamble ID, timing advance, UL grant.
Note also that some companies have been proposing to include the access cause and radio channel condition in Msg1 (e.g., R2-063156).
· Special HARQ likely needed 
· Only UE who finds its own ID echoed back in msg4 should transmit HARQ ACK (i.e. HARQ NACKs are not transmitted). 
· Might only be used for msg4 of the RA procedure
[DCM]
There is no likely need to support special HARQ specific to Msg4, as the gain in failure probability is marginal as shown in Table 2 of the summary document. The interference caused on the adjacent TTIs (likely UP HARQ processes of other UEs) can be mitigated by such special HARQ, but the severity of the problem could be low anyway, considering the probability of such occurrence and also the performance targets e.g., for L1/L2 control channel and ACK/NACK.
· Requirement for lower collision probabilities than with HARQ-less msg4 to avoid extra latency penalty for retries 
· True that, as mentioned in the summary, the delay till next RACH could be up to 10ms. However, the mean delay till next RACH would be lower and in the order of  a HARQ RTT. Hence, HARQ on msg4 incurs several times longer extra delay at failure. Failure cases should be studied for both UEs ‘winning’ and ‘loosing’ a contention. 

· The latency impact of failure should be assessed. If the extra delay in case of failure is considered negligible, it would however seem fair to also assume that a difference between 0.01 and 0.02 failure rate is also negligible.
[DCM]
We agree that the expected delay should be assessed for a complete analysis (We also had the initial idea of assessing the overall expected delay). However, this is not possible with the limited information we currently have. We will need to make a large number of assumptions, e.g., random backoff behaviour, RACH occasion interval, HARQ RTT, sync window between Msg1 and Msg2, etc. Using only the expected mean values in each step is also insufficient in this case, due to the strong correlations between the subsequent steps. Therefore, the failure probability is perhaps the best metric RAN2 can use at the moment. A failure would cause a random backoff, which is likely to have a larger influence on the overall delay, than one HARQ retransmission (note that DoCoMo is not suggesting to do a number of HARQ reTx, but e.g., only once). Hence, the failure probability should make a good suggestion on the delay aspect.

Moreover, we believe it is more important to optimise for the normal case where the UE experiences no contention, which can be ~99% of the case. It is more important that for the ~99% of the case the UE is more reliably accepted, than to optimise for the mere ~1% case of contention (corner case). If Msg4 fails, the ~99% case is impacted. If we apply HARQ to Msg4, we can reduce the radio resources necessary for Msg4 transmissions significantly, which should sum up to a considerable gain. (We wanted to clarify this quantitatively, but this was also difficult as it involves RAN1 aspects and the contents of Msg4 are yet unclear.)
· Potential interference with other UE’s HARQ ACK/NACKs 
· The implementation of HARQ ACK/NACKs has not yet been decided. Thus, there is uncertainty as to the severity of misaligned ACK/NACKs. Since the bulk of the ACK/NACKs are expected to be related to normal UP data transfers, it would seem more natural to optimize the ACK/NACK scheme to that scenario than to let the RA procedure impose requirements or restrictions on the ACK/NACK implementation.
[DCM]
We agree that the RA procedure should not impose different requirements or restrictions on the ACK/NACK implementation. However, after RAN1 designs the ACK/NACK without special consideration for the RA case, it can be so that it causes no problem on the RA case. Moreover, the impact of this potential interference could be negligible anyway, considering the probability of such occurrence. The resource savings made by the HARQ operation is thought to be much more significant.
· Requires more resources for RACH to achieve the lower collision probability. 
· These extra resources are in principle pure overhead which is more or less independent of whether there is an access or not; i.e. fixed overhead. Overhead caused by not using HARQ on msg4 is dynamic and only consumes radio resources when there is in fact an access; i.e. the resources can be re-used for e.g. UP data if there is no access. Hence, it is not obvious that applying HARQ on msg4 would improve the radio efficiency. Such a claim needs justification.
[DCM]
The contention probability can be suppressed with appropriate splitting of preambles among the different causes for RA. Some RAN1 evalution results already seem to suggest this. We should also not forget that any RA retrials (due to failures) would also increase the RACH load.
· Asymmetric contention resolution 
· A contention resolution message is usually dual-purpose. It informs the ‘winner’ about its success and the ‘losers’ about their defeat. Targeting all contenders, the contention resolution is more symmetric. While this is probably not a strict requirement, it is worth noting that with HARQ on msg4, the contention resolution becomes asymmetric. The failure rate of the winning UE may be improved at the expense of worse performance for failing UEs. Failing UEs have a higher risk of not decoding the contention resolution message and would then have to wait for a time corresponding to the maximum number of HARQ retransmissions before retrying. Hence, the variance of the access latency increases. Note also that with asynchronous HARQ the time corresponding to the maximum number of retransmissions is not deterministic.

[DCM]
Even without HARQ, the Msg4 delivery is not symmetric. Again, it is more important to capture the winning UE more reliably, than to optimise for the failing UEs. It is also worth mentioning that a network will be dimentioned for the busy hour scenario. Although providing good performance under a busy hour case is important, it does not necessarily mean that the network always runs at this busy hour traffic load. Hence, it is likely that for the most cases, the contention probability is considerably lower. The probability of failures due to contention is hence a corner case, and optimising for the normal (no contention) case is more important.
The bottom line question we need to ask and answer is: Do we really _need_ HARQ on msg4? Since there are still a number of question marks associated with msg4 and applying HARQ on msg4, we propose that HARQ-less msg4 is used as a baseline. We believe significant gains in latency performance and overall radio efficiency should be shown to justify the extra complexity of HARQ-based msg4. When we know more about the performance aspects and the content of Msg4 in a few months or so, we may still reconsider.

[DCM]
It can equally be said that we can consider HARQ on Msg4 as the baseline. Removing HARQ at a later stage is much more simpler. HARQ-less operation can even be possible by implementation, even if HARQ is supported for Msg4 in the specification. Moreover, HARQ on Msg4 does not increase the complexity (unless we think of special HARQ), as it is supported already for other transmissions. Even under contention, both the eNB and UE would not recognise the existence of a contending UE, and can just operate as in a normal HARQ.

Detailed comments:

Structure

1. Overall structure:

                                                    i.     As indicated above, we believe that the main question is whether we need HARQ on msg4 and does the gain justify the means? We may have misunderstood the purpose of the discussion, but it currently seems to focus on certain aspects, leaving the overall questions unanswered. We would prefer to approach the problem as follows: 

1.     first try to assess the performance requirements for msg4,

2.     estimate the latency performance and resource efficiency of HARQ-less operation

3.     then outline what is required for successful application of HARQ on msg4 and assess complexity impact

4.     estimate the overall performance and efficiency of HARQ-based msg4

5.     and eventually compare pros and cons of HARQ-less and HARQ-based msg4.

6.     When to allocate the C-RNTI likely depends on whether we are considering HARQ-less or HARQ-based msg4. The allocation of C-RNTI does not appear to be the primary issue, but rather a sub-issue, the effects of which should be accounted for in the performance and complexity assessments. 

Section 3.1, “C-RNTI allocation in Msg2:”

2. First paragraph: “... colliding UEs would be allocated the same C-RNTI, this does not appear as a real issue as only ...”

                                                    i.     The current text is adding a “non-con” dimension to the comparison. We don’t see the objective for including this text, other than contributing to bias. The point is that what is described also has no benefit. As an illustration, one can think of similar statement in the other direction, i.e. non-pro, such as “Although ... , this does not appear to give any benefits”. We believe only pros and cons need to be listed. However, if non-cons are to be listed, also non-pros should be.
 
3. Second “pro”: “This eliminates the need for the UE to derive the appropriate RA-RNTI”

                                                    i.     This is not true. It is likely that there are multiple RACH at least in cells with large BW. In particular if HARQ should be applied to msg4, it might be argued that, in order to achieve sufficiently low collision probability, it is even more likely that multiple RACHs need to be provided.
 
4. Third “pro”: “In case UL HARQ is to be asynchronous or adaptive synchronous ...”

                                                    i.     Does this pro not seem a little hypothetical? IIRC, the current agreement is that _at least_ non-adaptive synchronous HARQ is supported on the UL. We might (or might not) add e.g. adaptive synchronous HARQ, but for the case of msg3, the value of using the adaptive option appears limited.
 
5. First “con”:

                                                    i.     Spends effort on outlining ways to reduce the mentioned problem. Fails, however, to mention that either way leads to overhead.
 
6. Second “con”:

                                                    i.     Again, unlike the treatment of C-RNTI allocation in msg4, the argumentation goes to great lengths to convince the reader that the drawback is not so bad. In fact, the particular drawback mentioned in this bullet indicates that, while in principle,  the use of HARQ on msg4 in some sense (i.e. towards the ‘winning’ UE) increases the reliability of msg4, it reduces the reliability of msg2. Is it not so that the method suggested in this bullet for mitigating the increased vulnerability of msg2 could equally well be applied to msg4 in case of HARQ-less msg4?
 
Section 3.1, “C-RNTI allocation in Msg4:”

7. Pros:

                                                    i.     The advantage of a smaller Msg2, in general, should be mentioned.
 
8. First “con”: “If HARQ is to be applied to Msg4, all UEs that accessed on the same RACH will reply...”

                                                    i.     Assumes that msg4 is transmitted with HARQ. (Although perhaps a little too philosophical a question, isn’t the problem in fact due to combining HARQ and C-RNTI allocation in msg4 rather than due to the C-RNTI allocation alone? That is, unless we have a strong preference for HARQ on msg4, it can equally well be considered a problem with HARQ on msg4. Currently a strong preference for HARQ on msg4 has not been agreed. This brings us back to the question whether we _need_ HARQ on msg4; a question which has not yet been answered). Analogous to the ‘suggested fixes’ for the case with “C-RNTI allocation in Msg2”, it should be pointed out that addressing by RA-RNTI is not a problem in general. It is only a problem in combination with HARQ on msg4 and, hence, can easily be avoided by not using HARQ on msg4.
 
9. Second “con”: “The lifespan of an RA-RNTI would be longer” and “... multiple RA-RNTIs would be needed”

                                                    i.     Regarding the lifespan issue, we would describe with a  quotation from the introduction to “C-RNTI allocation in Msg2”: “this does not appear to be a real issue” as the number of RA-RNTI will still be very small compared to the RNTI address space. Regarding the need for multiple RA-RNTIs this will most likely anyway not be avoided since one will probably want to distinguish between different RACHs. Further, the UE would have to align to system framing to find the RACH slots.
 
10. Third “con”: “In case UL HARQ is to be asynchronous or adaptive synchronous ...”

                                                    i.     Does this con not seem a little hypothetical? IIRC, the current agreement is that _at least_ non-adaptive synchronous HARQ is supported on the UL. We might (or might not) add e.g. adaptive synchronous HARQ, but for the case of msg3, the value of using the adaptive option appears limited.
 
11. Last paragraph of Section 3.1: “... it seems reasonable to conclude that the C-RNTI should be allocated in msg2 if HARQ is to be applied to msg4 ...”

                                                    i.     As mentioned above, the order of presentation is confusing here, and expresses some bias. One could equally well have expressed the same thing with “The above analysis seems to imply that, unless HARQ needs to be applied to msg4 and cause can be included in msg1, C-RNTI should be allocated with msg4”. Admittedly this would have indicated a preference towards HARQ-less msg4. The question is again, what is the baseline and do we need HARQ on msg4? Anyway, for now, we think it would be more neutral to state that “The above analysis seems to imply that: 1) If HARQ is not needed on msg4 or cause cannot be included in msg1, it appears better to allocate C-RNTI with msg4. 2) If HARQ is needed on msg4 and cause can be included in msg1, it appears better to allocate C-RNTI with msg2”.

 

Section 3.2

12. The outlined solution indicates that it might be necessary to only allow UEs which decodes its own unique identity to send HARQ feedback.  This seems to imply that  a special HARQ procedure would be introduced just to satisfy RA procedure requirements? Further, it appears that regardless of whether an old C-RNTI was already available at the start of the RA procedure, this old C-RNTI cannot be used for msg4 with less than that all non-intended UEs have to wait for a timeout before proceeding with a re-attemted RA. Due to UE specific scrambling, the non-intended UEs will neither be able to decode the DL assignment nor the ‘unique’ identity contained in the message; i.e. the CRC check will consistently fail. Hence, they will always be stalled until timeout.

13. First paragraph after “Case 4”: “... If the amount of information to be sent by Msg4 is large ... Although what information can be sent at this point is yet unclear ...”

                                                    i.     We believe this is a very important aspect which deserves more attention. It is related to the overall concern about whether we really need HARQ for msg4. We don’t believe it is justified to speculatively add complexity  just for the remote possibility that we might need it at some point in the future. Before we know the details of Msg4, we think that it would be better to agree on a simple baseline solution than specify something which is not needed. When we know more about the content of Msg4 in a few months or so, we can still reconsider.
 
14. Last paragraph: “The only difference is that ... would have CRC attached, whereas HARQ ACK/NACKs may not” and “... if HARQ ACK/NACKs are signaled by on/off-keying or sent by CDM, this problem may be mitigated”.

                                                    i.     As the implementation of HARQ ACK/NACKs has currently not yet been decided, it may or may not be the only difference and it may or may not be mitigated, respectively. Thus, there is uncertainty as to the severity of misaligned ACK/NACKs. Since the bulk of the ACK/NACKs are expected to be related to normal UP data transfers, it would seem more natural to optimize the ACK/NACK scheme to that scenario than to let the RA procedure impose requirements or restrictions on the ACK/NACK implementation.
 
Section 3.3

15. Considering that one of the UEs was more successful in getting its msg3 through, is the probability for failed reception of msg4 in case of contention really the same for the “intended” and “non-intended” UEs? 

Section 4

16. We are not confident that the failure probability is a sufficient figure of merit for choosing between HARQ-less and HARQ-based transmission of msg4. As mentioned before, a simple solution is preferred unless significant performance gains can justify extra complexity.

