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1. Introduction

At RAN2#41 and RAN1#36, the possibility of providing radio link-level retransmissions was discussed [1]. It was concluded that RAN WG2 could at least prepare the support of downlink UTRAN quick repetition in RLC UM in Rel-6. This is addressed in a separate contribution [2].

As discussed in [3], the efficiency of radio link-level retransmissions can be enhanced by means of NACK feedback from the UEs. Such functionality might be included in Rel-6 or Rel-7. 

In this document we discuss further the modifications which would be required to the RACH procedure to make it suitable for MBMS NACK feedback.


2. RACH-based feedback signalling for MBMS retransmissions

The Rel-99 RACH is designed to minimise the probability of collisions, by:

· partitioning the available access slots according to priority using different Access Service Classes (ASCs);

· randomising the UEs’ choice of access slot within the slots allocated for the relevant ASC;

· randomising the UEs’ choice of signature in the access slot. 

When only a small number of UEs are receiving MBMS services in a cell and sending feedback for missed packets, conventional use of the RACH is not likely to cause a problem. 

However, for a large number of UEs (e.g. at a football match), the probability of collisions will increase, especially as all the MBMS retransmission requests would typically be all of the same priority (and hence the same ASC) and therefore be using the same RACH sub-channels. This will increase the uplink noise rise as UEs have to make multiple RACH access attempts. 

Moreover, if a particular packet needs to be retransmitted to a significant number of UEs, the network does not need to know the identity of the UEs which are requesting the missed packet, so this aspect of the uplink signalling becomes redundant. In this case some of the feedback signalling itself is redundant when a number of UEs need and ask for retransmission of the same data.

3. Improvements to increase efficiency and reduce interference

Based on the discussion in [3], it is possible to make some simple modifications to the RACH to make it suitable for efficient uplink NACK transmissions for MBMS. 

· Allocate one particular Access Service Class (ASC) specifically for MBMS feedback. This requires a small addition to the RRC signalling to indicate which ASC shall be used for MBMS feedback. 

· The ASC used for MBMS feedback is always mapped to exactly two RACH sub-channels (see TS25.214), numbered n and (n + 4)mod12, where 0≤n≤11. 

· Specify a single RACH preamble signature to be used for MBMS feedback. This would be pre-defined or signalled by RRC. Typically only signature #0 would be used for MBMS retransmission feedback signalling. 

· A threshold value of P-CPICH Ec/Ior is signalled by means of a small modification to the RRC protocol. This threshold is used by the UEs to select one of the two allocated RACH sub-channels. 

· Each UE requiring a retransmission of an MBMS packet selects one of the two RACH sub-channels according to its measurement of the received P-CPICH Ec/Ior: 

· UEs with P-CPICH Ec/Ior > threshold are said to be in MBMS Group 1 and shall use RACH sub-channel n. 

· UEs with P-CPICH Ec/Ior > threshold are said to be in MBMS Group 2 and shall use RACH sub-channel (n + 4)mod12.

· Any UE in MBMS Group 1 requiring a retransmission of an MBMS packet shall transmit the designated signature once (usually signature #0) in the first RACH access slot in sub-channel n after τRACH-MBMS after the end of the MBMS packet (to allow decoding time in the UE), where the value of τRACH-MBMS is FFS but could for example be 10ms. 

· Any UE in MBMS Group 2 requiring a retransmission of an MBMS packet shall transmit the designated signature once (usually signature #0) in the first RACH access slot in sub-channel (n + 4)mod12 after τRACH-MBMS after the end of the MBMS packet, if and only if it does not detect an AICH acknowledgement in the corresponding AICH access slot on sub-channel n.

· When using the ASC defined for MBMS feedback, the UEs shall not use their random functions for selecting RACH access slots and signatures, nor shall RACH preamble power ramping be used, nor shall the RACH message part be transmitted. 


In this way, UL interference from the MBMS feedback is minimised. If a UE which has good DL reception fails to decode an MBMS packet and requests a retransmission, it is highly likely that most UEs with poor DL reception will have failed to decode the MBMS packet and also need the retransmission. However, these latter UEs are in Group 2, and are prevented from needlessly transmitting a retransmission request by the AICH acknowledgement in response to the former UEs. 

The threshold enables the Operator to control what proportion of the UEs are in each group. 

This process is illustrated in the following timing diagram (Figure 1) and flow diagram (Figure 2):
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Figure 1: Timing diagram for MBMS retransmission request feedback
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Figure 2: Flow diagram for modified RACH process for MBMS feedback

4. Conclusions and Recommendations

If UEs transmit radio link-level NACKs to request fast retransmission of MBMS packets, a few small modifications to the RACH procedure for MBMS can provide some useful benefits, in particular providing efficient feedback with reduced uplink interference. 

It is recommended to approve the following CR for TS25.346. 
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6.2.5
Data Flows through Layer 2

6.2.5.1
Data flow for MCCH mapped to FACH

For MCCH, the RLC mode to be employed is UM-RLC. A MAC header is used for logical channel type identification.

6.2.5.2
Data flow for MTCH mapped to FACH

For MTCH, the RLC mode to be employed is UM-RLC, with required enhancements to support selective combining. A MAC header is used for logical channel type identification and MBMS service identification.

6.2.6
MBMS retransmission feedback

The UE shall not transmit positive acknowledgements (ACKs) for MBMS packets. If retransmission feedback is used, only negative acknowledgements (NACKs) are transmitted; these are carried on the RACH. In this case, the following modifications are applied to the RACH procedure:
· The following quantities are signalled to the UE by RRC signalling:

· The identity of one Access Service Class (ASC) allocated specifically for MBMS feedback. 
· The identity of the RACH sub-channels to which the allocated ASC is mapped. The ASC used for MBMS feedback is mapped to exactly two RACH sub-channels, numbered n and (n + 4)mod12, where 0≤n≤11. The value of n is signalled to the UE by RRC signalling. 
· The identity of one RACH preamble signature which is allocated specifically for MBMS retransmission feedback within the allocated RACH sub-channels. 
· A threshold value of P-CPICH Ec/Ior, threshRACH-MBMS, used by the UEs to select one of the two allocated RACH sub-channels. 

· Each UE requesting a retransmission of an MBMS packet selects one of the two RACH sub-channels according to its measurement of the received P-CPICH Ec/Ior: 

· UEs with P-CPICH Ec/Ior > threshRACH-MBMS are defined to be in MBMS Group 1 and shall use RACH sub-channel n. 

· UEs with P-CPICH Ec/Ior > threshRACH-MBMS are defined to be in MBMS Group 2 and shall use RACH sub-channel (n + 4)mod12.

· Any UE in MBMS Group 1 requiring a retransmission of an MBMS packet transmits the allocated preamble signature once in the first RACH access slot in sub-channel n after τRACH-MBMS after the end of the MBMS packet, where the value of τRACH-MBMS is FFS but could for example be 10ms. 

· Any UE in MBMS Group 2 requiring a retransmission of an MBMS packet shall transmit the allocated preamble signature once in the first RACH access slot in sub-channel (n + 4)mod12 after τRACH-MBMS after the end of the MBMS packet, if and only if it does not detect an AICH acknowledgement in the corresponding AICH access slot on sub-channel n.

· When using the ASC allocated for MBMS feedback, the UEs shall not use their random functions for selecting RACH access slots and signatures, nor shall the RACH preamble be transmitted more than once for a given MBMS packet, nor shall the RACH message part be transmitted. 

This process is illustrated in Figure 12 and Figure 13:
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Figure 12: Timing diagram for MBMS retransmission feedback
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Figure 13: Flow diagram for modified RACH process for MBMS retransmission feedback











































�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.  


�PAGE \# "'Page: '#'�'"  �� Enter the specification number in this box. For example, 04.08 or 31.102. Do not prefix the number with anything . i.e. do not use "TS", "GSM" or "3GPP" etc.


�PAGE \# "'Page: '#'�'"  �� Enter the CR number here. This number is allocated by the 3GPP support team.  It consists of at least three digits, padded with leading zeros if necessary.


�PAGE \# "'Page: '#'�'"  �� Enter the revision number of the CR here. If it is the first version, use a "-".


�PAGE \# "'Page: '#'�'"  �� Enter the version of the specification here. This number is the version of the specification to which the CR will be applied if it is approved. Make sure that the latest version of the specification (of the relevant release) is used when creating the CR. If unsure what the latest version is, go to � HYPERLINK "http://www.3gpp.org/3G_Specs/3G_Specs.htm" ��� � HYPERLINK "http://www.3gpp.org/specs/specs.htm" ��http://www.3gpp.org/specs/specs.htm�.


�PAGE \# "'Page: '#'�'"  �� For help on how to fill out a field, place the mouse pointer over the special symbol closest to the field in question.


�PAGE \# "'Page: '#'�'"  �� Mark one or more of the boxes with an X.


�PAGE \# "'Page: '#'�'"  �� SIM / USIM / ISIM applications.


�PAGE \# "'Page: '#'�'"  �� Enter a concise description of the subject matter of the CR. It should be no longer than one line.  Do not use redundant information such as "Change Request number xxx to 3GPP TS xx.xxx".


�PAGE \# "'Page: '#'�'"  �� Enter the source of the CR. This is either (a) one or several companies or, (b) if a (sub)working group has already reviewed and agreed the CR, then list the group as the source.


�PAGE \# "'Page: '#'�'"  �� Enter the acronym for the work item which is applicable to the change. This field is mandatory for category F, B & C CRs for release 4 and later. A list of work item acronyms can be found in the 3GPP work plan. See � HYPERLINK "http://www.3gpp.org/ftp/information/work_plan/" ��http://www.3gpp.org/ftp/information/work_plan/� .�The list is also included in a MS Excel file included in the zip file containing the CR cover sheet template.


�PAGE \# "'Page: '#'�'"  �� Enter the date on which the CR was last revised.  Format to be interpretable by English version of MS Windows ® applications, e.g. 19/02/2002.


�PAGE \# "'Page: '#'�'"  �� Enter a single letter corresponding to the most appropriate category listed below. For more detailed help on interpreting these categories, see the Technical Report � HYPERLINK "http://www.3gpp.org/ftp/Specs/archive/21_series/21.900/" ��21.900� "TSG working methods".


�PAGE \# "'Page: '#'�'"  �� Enter a single release code from the list below.


�PAGE \# "'Page: '#'�'"  �� Enter text which explains why the change is necessary.


�PAGE \# "'Page: '#'�'"  �� Enter text which describes the most important components of the change. i.e. How the change is made.


�PAGE \# "'Page: '#'�'"  �� Enter here the consequences if this CR was to be rejected. It is necessary to complete this section only if the CR is of category "F" (i.e. correction).


�PAGE \# "'Page: '#'�'"  �� Enter the number of each clause which contains changes.


�PAGE \# "'Page: '#'�'"  �� Tick "yes" box if any other specifications are affected by this change.  Else tick "no".  You MUST fill in one or the other.


�PAGE \# "'Page: '#'�'"  �� List here the specifications which are affected or the CRs which are linked.


�PAGE \# "'Page: '#'�'"  �� Enter any other information which may be needed by the group being requested to approve the CR. This could include special conditions for it's approval which are not listed anywhere else above.


�PAGE \# "'Page: '#'�'"  �� This is an example of pop-up text.






_1143653925.doc


DL 







UL 







PRACH preamble from any UEs in Group 2 which failed to decode the packet – only transmitted if AICH acknowledgement is not detected







PRACH preamble from any UEs in Group 1 which failed to decode the packet







AICH acknowledgement







Decoding time for UE































MBMS Packet












_1143654164.doc


UL 







DL 







PRACH preamble from any UEs in Group 2 which failed to decode the packet – only transmitted if AICH acknowledgement is not detected







PRACH preamble from any UEs in Group 1 which failed to decode the packet







AICH acknowledgement







Decoding time for UE































MBMS Packet












_1143644496.doc


Start







Get MBMS RACH parameters from RRC: MBMS ASC and sub-channel allocation (n), CPICH threshold, preamble signature







































































































Group 1:



Transmit preamble on sub-channel n







AICH received?







CPICH Ec/Ior > threshold?







N







Y







Group 2:



Wait for AICH acknowledgement







Y



















































N







Retransmission required?















Y



































































































N































Measure P-CPICH Ec/Ior























































Transmit preamble on sub-channel (n+4)mod12
























