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GERAN evolution – RLC/MAC control signalling and multiplexing of legacy and shorter TTIs

1 Background

There was a discussion at the GERAN#28 meeting regarding the issue of RLC/MAC control messages in the case of multiplexing 10 and 20 ms TTI users on same PDCH. The issue is the distribution content impacts of sending control blocks with 20 ms and whether or not it is possible to send RLC/MAC control messages using 10 ms TTI or if all RLC/MAC messages need to be sent using 20 ms TTI, see e.g. the Chairperson’s report from the GERAN#28 WG2 meeting [GP-060468]. A way to send CS1 encoded blocks for the 10 ms TTI is described [GP-060244].

This paper studies impacts of the above mentioned issue. It discusses the cases of receiving distribution content in the RLC/MAC control messages when legacy mobile stations (transmitting and receiving with 20 ms TTIs) and mobile stations capable of shorter TTI (i.e 10 ms) are multiplexed on same PDCH. The overall objective in the feasibility study is that legacy mobile stations should not be affected. 

2 Initial Analysis

The RLC/MAC control messages that contain distribution content
 are sent on downlink only. The selected and analysed multiplexing cases are when a mobile station is allocated a PDTCH since it is considered that mobile stations that are in packet idle mode are assumed to only receive 20 ms RLC/MAC control blocks. The main purpose of using shorter TTI is to provide a reduced delay for user applications and associated signalling, i.e. the prime channel types for the shorter TTI are the PDTCH and PACCH. 

Hence, there are two basic different downlink PDCH channel combinations to consider
: 

a) PDTCH and PACCH

b) PDTCH and PACCH multiplexed with (PBCCH)/PCCCH (in frame stealing mode)   

It is assumed that shorter TTI enabled mobile stations can decode also the 20 ms TTI radio blocks. 

Distribution content can be found in both distribution and non-distribution messages. The distribution content may be read by all MSs. The stage 3 specification, 3GPP TS 44.060, indicates in which cases distribution content shall be read by the MS and depends on the protocol state of the MS.

The distribution content found in non-distribution messages is the page mode indicator (and an optional persistent level parameter). As this relates to paging messages transmitted on PPCH and is used when an MS is in packet idle mode and MAC-idle state this case needs only to be considered for case a) listed above.

The main alternatives to be able to receive RLC/MAC distribution messages during the multiplexing of both 10 and 20 ms TTI radio blocks on same PDCH are:
1) Send all distribution messages on both the 20 ms TTI and 10 ms TTI

· Resource usage would increase because sending the information twice

2) Send only required distribution messages, maybe all of them (to be further studied), using 20 ms TTI

· Requires a 10ms TTI MS to decode RLC/MAC distribution messages with 20 ms TTI

· The MS is anyhow required to decode the USF in the 20 ms TTI direction, as shown in Feasibility report, so the decoding complexity is not increased so much

The best solution is obviously the second one in the list, considering the radio resource usage.

3 Case A - Channel combination: PDTCH and PACCH

In this case only distribution messages sent on PACCH need to be considered as a mobile station would be in packet transfer mode, dual transfer mode, MAC-shared state or MAC-DTM state.

The distribution messages that contain distribution content required for legacy operation would need to be sent on the PACCH with 20 ms TTI. All other RLC/MAC control messages, such as non-distribution messages, sent on PACCH can be sent with 10 ms TTI or 20 ms TTI depending to which mobile station the message is addressed.

4 Case B - Channel combination: PDTCH, PACCH and PCCCH 

In this channel combination the blocks allowed for the PCCCH (and PBCCH) need to operate in 20 ms TTI in order to support legacy operation. PCCCH may be allocated on all blocks except PBCCH. PDTCH and PACCH may use a block identified for PCCCH (so called frame stealing mode). The distribution content of non-distribution messages are page mode information and optionally related persistence level information. Note that it is required for packet idle MSs to take into account page mode information only when received in its related paging group. Thus, depending on number of paging channel blocks, all RLC/MAC control messages, both distribution and non-distribution, is sent with 20 ms TTI on the blocks identified as “PCCCH allowed” and are available for packet channel blocks. See 3GPP TS 44.060 states in chapter 5.5.1.6 [excerpt follows] as well 3GPP TS 45.002:

“The network sends page mode information in all downlink message on PCCCH (and PACCH, see note). The page mode information controls possible additional requirements on a mobile station receiving the message.

NOTE: PCCCH, PDTCH and PACCH may be operated in frame stealing mode on the same PDCH. A mobile station in packet idle mode or MAC-Idle state shall consider any RLC/MAC control message received in such a radio block as belonging to PCCCH. A mobile station in packet transfer mode, dual transfer mode, MAC-Shared state or MAC-DTM state shall consider any RLC/MAC control message received as belonging to PACCH.

A mobile station in packet transfer mode, dual transfer mode, MAC-Shared state or MAC-DTM state shall not consider the page mode information received in any message that is received on a PDCH.

[clip]

Note that a mobile station takes into account the page mode information only in packet idle mode or MAC-Idle state and only in messages received in a radio block corresponding to its paging group, whatever the currently applied requirements are (normal paging, extended paging or paging reorganization).”
For blocks that are not allocated for paging, non-distribution RLC/MAC messages may be sent with 10 ms TTI and the handling as defined by Case A above would apply
5 Conclusion

The analysis indicates that the following is required for the valid channel combinations when the transmitting RLC endpoint is capable of multiplexing using 10 ms TTI and 20 ms TTI:

· PDTCH and PACCH

· Non-distribution messages are sent with the same TTI as used by the target MS

· Distribution messages on PACCH are typically sent with 20 ms TTI to minimise radio resource usage. This means that an MS with a 10 ms TTI capability that has been allocated one or more PDTCHs nominally operated using a 10 ms TTI will always do the following:

· It first attempts a 10 ms TTI based decoding of bursts in an attempt to recover a valid radio block containing a non-distribution control message or an RLC data block. 

· If this fails it will then attempt a 20 ms TTI based decoding of bursts in an attempt to recover a valid radio block containing a distribution message.

· Note, that if the MS is allocated an UL TBF, the MS will always decode the USF.
· PDTCH, PACCH and PCCCH/(PBCCH)
· If PBCCH is used it will be sent using 20 ms TTI. 

· RLC/MAC control messages sent on blocks that may be allocated to a PCCCH and allowed for paging blocks are sent using 20 ms TTI, i.e. if a PACCH message is sent using such a block; otherwise, if a PCCCH block is not allowed for paging blocks, non-distribution messages can be sent using a 10 ms TTI for those MSs using 10 ms TTI
An example of possible MS operation
· A 10 ms TTI capable MS will always know which radio blocks of a 52-multiframe contain PBCCH (if present) and will therefore realize that all other radio blocks are subject to stealing and capable of  being used in either 10 ms TTI or 20 ms TTI mode.

· An MS in packet idle mode it will only attempt a 20 ms TTI based decoding in an attempt to recover a valid radio block. If the block was sent using 10 ms TTI mode the MS will simply fail to recover a valid radio block.

· An MS in packet transfer mode or dual transfer mode which has been allocated one or more PDTCHs operated using a 10 ms TTI, it first tries a 10 ms TTI based decoding in an attempt to recover a valid radio block

· If this fails it will then try a 20 ms TTI based decoding in an attempt to recover a valid radio block containing a distribution or non-distribution message.

· A 20 ms TTI capable legacy MS will always try a 20 ms TTI based decoding of bursts in an attempt to decode a valid radio block regardless if it is packet idle, packet transfer or dual transfer mode. If the block was sent using 10 ms TTI mode the MS will simply fail to decode the radio block.

Hence, CS-1 should be possible also for RLC/MAC control signalling and since, in almost all valid cases, the non-distribution messages, such as Ack/Nack reports can be sent with shorter TTI in downlink the RTT would not negatively affected. 
� Information meant to be read by all mobile stations listening to the timeslot used sending the message.


� Channel combinations used for MBMS are not studied as it can be expected that different TTI users are not multiplexed on same set.





