3GPP TSG RAN WG1 Meeting #88bis                   								R1-1704464
Spokane, USA 3rd – 7th April 2017

Agenda item:	8.1.1.4.2
[bookmark: _GoBack]Source: 	MediaTek Inc.
Title: 	Discussion on multi-beam RAR window design
Document for:	Discussion and decision
1	Introduction
At the last RAN1 NR Ad-hoc meeting, the following agreements were made on the 4-step RACH procedure [1]:
	Agreement:
For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises




In this contribution, we further discuss the random access response (RAR) window design for multi-beam operations in the 4-step random access (RA) procedure. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2	Discussion on multi-beam RAR window design
In NR multi-beam operation, the DL TX beam for RAR can be obtained according to the detected RACH preamble and resource and the corresponding association. Based on this, there are three alternatives for RAR delivery. Examples of the three alternatives are illustrated in Figure 1, Figure 2, and Figure 3, respectively. In the following subsections, we discuss the advantages and problems of each alternative. Additionally, examples of RA-RNTI design are also introduced.
· Alt.1 (one-to-one): one RAR window per subset of RACH resources associated with each DL TX beam
· Alt.2 (multiple-to-one): one RAR window shared among subsets of RACH resources associated with multiple (excluding all) DL TX beams
· Alt.3 (all-to-one): one RAR window shared among subsets of RACH resources associated with all DL TX beams
 
2.1	Alt.1 (one-to-one)
In Alt.1, RAR windows associated with different DL TX beams are located at different time and do not overlap with each other. RA-RNTI in each RAR window can follow the design in LTE which is derived from the corresponding PRACH time-frequency resource. For example, it can be derived by RA-RNTI=1+t_id+10*f_id where t_id and f_id are the indices of PRACH resources in time and frequency dimension respectively. 
An example of Alt.1 is shown in Figure 1. The advantage of Alt.1 is that the duration of the RAR window a UE has to monitor is shorter than Alt.2 and Alt.3. And thus UE power consumption is the least in Alt.1. In Figure 1, UE-1 detects downlink synchronization signal with the downlink transmission direction at TX Beam 1. UE-1 transmits preamble in the PRACH resource subsets associated with DL TX Beam 1 and waits for RAR in the first RAR window. In contrast to UE-1, UE-2 detects downlink synchronization signal with downlink transmission direction at DL TX Beam 3. As illustrated in Figure 1, UE-2 can only expect to receive RAR in the third RAR window. Obviously, an issue with Alt.1 is that latency between RAR windows associated with different DL TX beams can be very unequal. Another issue with Alt.1 is that base station (BS) has less scheduling flexibility. 


[bookmark: _Ref478134216]Figure 1: An example of Alt.1 that one RAR window is associated with one DL TX beam

Observation 1: Alt.1 demands the least UE power consumption among the three alternatives but provides less BS scheduling flexibility. Additionally, latency between RARs associated with different DL TX beams is highly unbalanced. 

2.2	Alt.2 (multiple-to-one)
In Alt.2, a RAR window is shared among subsets of RACH resources associated with multiple (excluding all) DL TX beams. In the example shown in Figure 2, the first RAR window is associated with DL TX Beam1 and Beam2. An economical design for RA-RNTI in Alt.2 would be RA_RNTI=1+t_id+10*f_id+60*(beam_id mod N) where N is the number of DL TX beams (SS blocks) associated with the same RAR window. Compared with Alt.1, UE power consumption is larger in Alt.2. But it offers more BS scheduling flexibility. In this alternative, the unbalanced latency problem still exists among RAR windows associated with different sets of DL TX beams. 


[bookmark: _Ref478134234]Figure 2: An example of Alt.2 that a RAR window is associated with multiple DL TX beams with N=2

Observation 2: Alt.2 requires more UE power consumption than Alt.1. But it also provides more BS scheduling flexibility. 

2.3	Alt.3 (all-to-one)
In Alt.3, all DL TX beams are associated with the same RAR window and hence beam index information is required for deriving RA-RNTI. An example of RA-RNTI design for Alt.3 is RA-RNTI=1+t_id+10*f_id+60*beam_id. Alt.3 provides the most BS scheduling flexibility and a possible solution to the issue of unbalanced latency mentioned in Alt.1. However, the RAR window duration is the largest and it hence demands the most UE power consumption. 


[bookmark: _Ref478134244]Figure 3: An example of Alt.3 that one RAR window is associated with all DL TX beams

Observation 3: Alt.3 offers the most BS scheduling flexibility among all three alternatives at the price of the most UE power consumption. 
Observation 4: Alt.2 provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
Proposal 1: NR should support Alt.2 (multiple-to-one) multi-beam RAR window design.

3	Proposed multi-beam RAR window design
As mentioned in the previous section, both Alt.1 and Alt.2 result in a problem that latency among RARs associated with different DL TX beams is unequal. In order to reduce the latency imbalance, we propose an inconsecutive and interleaved RAR window design. As shown in Figure 4, with the proposed RAR window design, the total duration a UE has to monitor for receiving RAR is the same as that in Alt.1. The proposed RAR window design also leads to a more balanced latency associated with different DL TX beams. 

[image: ]
[bookmark: _Ref478135241]Figure 4: An example of inconsecutive and interleaved multi-beam RAR window design

Observation 5: The proposed inconsecutive and interleaved multi-beam RAR window design provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
Proposal 2: NR should support the proposed inconsecutive and interleaved multi-beam RAR window design.

4	Conclusion
In this contribution, we discuss RAR window design and the associated RA-RNTI design for multi-beam operations. We then propose an inconsecutive and interleaved multi-beam RAR window design to provide a good trade-off among UE power consumption, BS scheduling flexibility and latency. Observations and proposals are organized in the following: 
Observation 1: Alt.1 demands the least UE power consumption among the three alternatives but provides less BS scheduling flexibility. Additionally, latency between RARs associated with different DL TX beams is highly unbalanced. 
Observation 2: Alt.2 requires more UE power consumption than Alt.1. But it also provides more BS scheduling flexibility.
Observation 3: Alt.3 offers the most BS scheduling flexibility among all three alternatives at the price of the most UE power consumption. 
Observation 4: Alt.2 provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
Observation 5: The proposed inconsecutive and interleaved multi-beam RAR window design provides a better trade-off among UE power consumption, BS scheduling flexibility and latency.
Proposal 1: NR should support Alt.2 (multiple-to-one) multi-beam RAR window design.
Proposal 2: NR should support the proposed inconsecutive and interleaved multi-beam RAR window design.
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